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PREFACE. 



Iff accordaiw with tlia requait of tiie FtcoHj of the College of Pbynciina and Sargeoos. ProfeMor 
AaaWz deliTered, in the Hall of that uutitntioot dariog the moothi of October anrf NoTember of the 
prMCBt J9U, a aeriea id tweHe Lecturea on the Tarioai ordera of aaimala. The celebrity of d>a 
Laetorar and tiie intrinaic iotereat and impoitaiice of the mbject attracted yery large aod attentiTe 
saditoriea. Indeed, the degree of attention excited Vy these admirable diaooaraea manifested, in a 
▼ary atriking auumer, tiie greatiy increasing intereat with which the popular mtod ia now directing 
itfdf to the inTeatigatioo of acientific anbjecta. 

Fan raporta of theae Lecturea were giren in the colamna of the *' New York Tribone/' and abondant 
•▼ideoce waa aflbrded of the high appreciation with which they were receired by the public They an 
BOW coOected together ; and hariog been carefully prepared for thia pubMcation in a permanent form, it 
ia beliered that they will prove acceptable to all who take an intereit in the study of a department of 
Science which ia daily becoming inveated with fresh attractiona. The young beginner and the mora 
•draneed atadeofc of Natural Hiatory will both deriye essential aid from the study of these discoursea • 
tiy while teaching firat principleain an eminently lucid and comprehensire style, Uie Lecturer comma- 
fljcatea also tiie reaalts of the moat recent and elaborate inreatigatiooa in the latest diicovered fielda of 
pfailoaophieal iaqairy. 

The Lecturea, with tiie exception of one or two, were reported by Dr. Houston, Srenographer to the 
Senate of the United Statea, and he has succeeded in ginng them with literal accuracy, ho as to pre- 
wnwe the characteristic style of the Lecturer. The few Lecturea not reported by that gentleman, were 
/ sabjected to a careful rerision. Of the engravfaiga it is only necessary to say that they were rapidly 
aketcfaed from the hlack-board during the delivery oCthe Lecturea, by Mr. Brydgea, with perfect accuracy, 
and will be found to contribute esaentially to the elucidation of the subjecta discuased in the Lecturea. 
▼ary many of the illaatratioaa are altogether origfaial, aM cannot be met with in any of the treatises on 
Hatoral Hittocy heretofore pnhUahed. 

Kiw-YoBs, December 10, 1847. 
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BIOGRAPHICAL NOTICE OF PROF. AGASSIZ. 
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Louis Ag^ssiz wai born on the 28th of May, 1807, in a village of the Canton of Friboorg, Swit 

verland, called Mottier. His father was a clergyman, a profetiion to which hit progenitor! for five 

» generation! had been devoted. He received the fint radimenti of fcholattic education at the Gymna- 

^^liam of Bieone, where be passed several years, principally in studying tl)e ancient langoagei. Hig 

^ passion for Natural history appeared during this period, and hii vacations at borne were employed in 

mahiog collections, f- His f|^er having removed to a parish on the Lake of Neufchatel, he made fisheg 

an object of especial study!/ He went with the fishermen on their excursions, and often, with a line in 

^ his hand, passed whole days on the Lake. He soon discovered how defective Natural History was in 

^ this department, and resolved to make good the deficiency. 

^ Having completed his studies at school, his father wished him to become a clergyman, but his natural 
Q^ bent wari too strong to be resisted. He accordingly commenced the study of Medicine, as being mos^ 
^ nearly connected with his favorite pursuits. At the Academy of Zurich he received great assistance in 
his Zoological investigations from the well-known Professor Bchinz. Afterward he studied Anatomy 
at Heidelberg, under the celebrated Tiedemann, until, attracted by the remarkable body of lavans 
collected at Munich, he resorted thither to continue his studies. Here he passed four years, rather 
as an associate in the private studies of the Professors of the University than as a student under 
their instruction. He also collected around him a knot of young men of kindred spirit with himself 
for the discuBsion of scientific subjects, and into this assembly, which was called the " Little Academy,'* 
even the Professors were drawn. 

At this time Agassiz made his first appearance as an author, and in the most honorable manner. 
Martins, one of the Professors at Munich, was occupied in preparing his great work on the Natural 
History of BrazlL To Agassiz he confided the department of Ichthyology; this portion formed a folio 
volume, in Latin, with plates, and at once established the reputation of the young Naturalist. 

His parents, who had long been diisatisfied with the devotion of their son to Natural History, whidi 
withdrew him almost wholly from his medical studies, now cut off the allowance on which he had 
depended for a living. In this emergency he fell back upon his own resources. He exhibited to the 
bookseller Cotta the material he had collected for a work upon Fresh-water Fishes, and obtained from 
faim the means of completing that work. At the same time he retamed to Medicine, in order to regain 
the favor of his parents, and with so much success that he shortly after obtained the degree of Doctor. 
Subsequent to this he passed another examination, and received the degree of Doctor of Philosophy. 

Having been restored to his former relations with his parents, he received fix)m them permission 
to visit Vienna in order to complete bis medical studies. He did not, however, neglect his favorite 
pursaits, but, as before, oocopied a great part of bis time with Ichthyology, and especially with the 
department of Fossils. On his return home, he obtained from a neighboring clergyman the means of 
visiting Paris. There he became intimate with Cuvier, who even resigned to him a work on Fishes 
which he had long designed, and for which he had made extensive preparations — so high was his 
estimate of the gifts and learning of the young man. He remained with Cuvier until his death in 1832, 
when he returned to Switzerland and became Professor of Natural History in the College of NeufchateL 
Before be had paised the age of thirty-four, Agassiz had been made a member of every scientific 
academy in Europe. Many universities invited him to become one among their Professors.; and the 
cities qlJlCdinburgh and Dublin, in both of which be received the degree of LL.D. enrolled him in the 
number of their citizens. His personal influence induced several persons of distinction to engage in the 
etudy of Natural History; among others, Sir^Philip BgerUm and Lord Enniskillen, whose collections are 
known to all paleontologists. 

The reputation and influence of M. Agassiz hkve rendered the little town of Neufchatel a nursery of 
Science, resorted to from all parts of Europe; and on his recommendation a young pupil of hif, Dr. 



4 Biographical Notice of Prof. Agassiz. 

Tfchndi, who haa lince become known by hii work on Pent, wai diipatched om a yoyage nnmd the 
world, to collect objecu of Nacnral Hiatory. 

In order to confirm the Glacial Tneory which hat made bia name ao famoaa, M. AgaaauE. after having 
▼iaited in aacceaaioa mott of the glaciera, fixed his headqaartera at Uie glacier of the Aara, whither he 
went with hia frienda to paas his aammer racation for eight fears consecutively ; at first with no shelter 
except a large boalder lying on the middle of the glacier, which aoon became famous under the nam'' 
ef the Hotd des Neufckatdois. Here he prosecuted the loog series of researches which have sinci 
obtained so much celebrity in the scieotilic world. 

Occapied with these investigations and with bis regular duties. Prof. Agassiz remained at Neufchate 
until his visit to this country. Tbis visit was undertaken at the double instance of the King of Prussia 
who charged him with a scientific exploration of America, and of the Lowell Institute in Boston, before 
which he waa invited to deliver a Course of Lectures Siuce his arrival be baa been offered a Profea- 
iorship of Zoology and Geology in Harvard College which he baa accepted on condition of being 
released from his engagement witb tbe King of Prussia. 

Professor Agassiz is personally a man of Tery striking and preposseasiug appearance. He is tall, and 
formed with aa much strength aa elegauce, with a rather fl 'rid complexion and dark hair. In hia 
manner and bearing there is a singular grace and beuignity. 

Hia principal work is on Fossil Fishes, in fii^ folio volumes, with an atlas of plates. It ia dedicated 
to Alexander von Humboldt, and has a very high and extensive reputation. He has also written on 
the Fossil Echinodemata of Switzerland, on Fossil Molluscs, on the Fresh-water Fishes of Central 
Europe, on tbe Glaciers, and on other subjects. 

The rapidity with which these works have appenred, and the research and learning which they all 
display, would be inexplicable had no other hand than that of their distinguished author been concerned 
in their production In 1837, M. Agassiz atsucif'ted with himself a young Naturalist, Bd. Desor, with 
whose valuable assistance bis labors have since been prosecuted. By this raeaos much more has been 
accomplished for Science and the world than could have been done by any aingle individual, howerer 
highly endowed. 
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THE ANIMAL KINGDOM. 



INTRODUCTORY LECTURE. 

Natural Hi«|tory— Its Study and the Lights in which it may and should be viewed.... Man may expect fully to under- 
stand Nature. . . .Man's Body similar to the Bodies of Animals— The Cause. . . .The Varied Types of Nature— Aston- 
ishing Variety of Animals— dilBculty of at first perceiving any order in them. . . .The Star-Fish. . . .The Corals The 

Jelly-fish Clams, Worms, Spiders, Crocodiles, Bats— Their great apparent Dissimilarity andyet many of them 

of the same type— The Lobster, the Spider and the Butterfly— The Cuttle-fish, the Snail and the Clam all allied— 
The Coral and the Jelly-fish. . . .Soft Animals and their Power of Contraction. . . .The respective Nervous Systems 
of the different Types of Animals.... Origin of the applied terms, Articulata,Vertebrata, Radiata andMolltuca.,,. 
The different Setsof Organs in these different Auimals. 



Dr. A. H. Stevens introdncedthe lecturer to the 
aflsemblage in a few complimentary remarks. 

Prof. Agassiz then presented himself to the au- 
dience, and, in a singalarly agreeable voice and 
marked foreign accent, delivered the following 
Lecture : 

Ladies and Gentlemen: Having to address 
you in a foreign tongue, I must first apologize for 
the deficiency of my language. Happily, however, 
Natural History has an interest entirely apart from 
the form in which the subject is presented to the 
student. The investigation of objects of Natural 
History does not need the aid of rhetoric to invest 
it with attractive charms ; and the mind may trace 
these phenomena even without putting them into 
a defiuite form, and, therefore, the mode of expres- 
eion employed iu conveying the results of such in- 
quiries is not so important as it would be in a lit- 
erary work. I shall do all in my power to make up 
for the deficiency of my power of language, by the 
interest directly derived firom the subject itself. — 
(Applause.) 

Natural History may be studied in very different 
points of view. Some may consider it as a source 
of information for useful purposes. The wealth of 
States depends frequently on the knowledge ac- 
quired by individuals of the structure of the soil. 
The working of mines has become an actual busi- 
ness since Geology as a science has given us the 
key to the investigation of the deeper regions un- 
der the surface of the ground. Many trades de- 
pend on the knowledge of certain phenomena of 
rTature. Even Navigation is the result of scientific 
investigation and discovery ; and, at this time par- 
ticularly, the vastly increased facilities of frequent 
intercourse between nations have been the result of 
the recent progress of natural science — of physical 
science especially. Thus, though viewed in this 
fltrictly utilitarian aspect a sufficient inducement 
may be furnished for the study of Nature and 
of the objects of Natural History in particular, 
the subject is yet to be regarded from a more ele* 
vated point of view. It is not enough for a philo- 
sophical mind to know the natural phenomena. It 
may be enough to know some isolated phenomena in 
order to derive important aid in the arts, but to the 
philosopher such superficial acquaintance with Na- 
ture is not sufficient. He wauts to understand Na- 
ture. He is not satisfied with the knowledge of 
isolated phenomena. 

When 1 say that the philosopher desires to un- 
derstand Nature, 1 will perhaps better explain my 
meaning by an example. When we enter on the 
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itndy of an author we may begin at a very low 
stage. With one of the classic Poets of antiqui^, 
for example, we may begin by translating sentence 
by sentence, with great difficulty, and in this way 
we may go through the most beautiful language of 
ancient poetry. But would it by any means folbw 
because we have thus spelled over the pages 
of Homer, that we understand him? Another and 
a higher sort of mental process is requisite to en- 
able us to know, to understand, that sublime author. 
It is only when we have become acquainted with 
the condition of human society in that age — the ri- 
valry which existed between the nations of Asia 
and Greece — and the mythology of that remote 
time, that our sympathies approach the level of 
the poet's work and our hearts own the influence 
of the poet's spirit 

So it is with the study of Nature. We may 
know by their name a great many animals. We 
may be able to indicate with accuracy the charac- 
teristic differences between the various tribes of 
animals. We may be able to distinguish the 
trees in our forests and the plants cultivated in 
our gardens; nay, we may know any isolated 
plant that flourishes upon the surface of our globe, 
and yet we may after all know nothing of the plan 
of creation. There is a higher point of view from 
which we. attain a deeper insight into that plan. — 
We must understand the connection between the 
various parts of Creation, and, rising higher still, di- 
rect our contemplations to the Author of all, who 
has formed the whole and subjected it to all those 
modifications extending through long ages which 
Geology has revealed, from the remotest epoch up 
to the period when Man was created and introduced 
upon the surface of the globe with the animals and 
plants which we now behold. 

Understand, then, that the study and knowledge 
of Nature consist in something more than ac- 
quaintance with the isolated beings which exist 
upon the surface of our globe. We must under- 
stand the connections existing between these be- 
ings, and the relations which they sustain to the 
Creator of them all. 

But the question may be asked, is it possible 
for Man to acquire more than a superficial insight 
into natural phenomena ? This question has been 
answered in many different ways. Some have 
maintained that all we can expect to come at is an 
artificial classification, agreeing in a gveater or leas 
degree with the natural phenomena ; that a real 
insight into all the varied departments of Nature 
by man is unattainable. But if we view the pro- 
gress of natural science, and observe the investi- 
gations made in eveiy succeeding generation in the 



6 ^Tof, Agassi z* A Lvcfures. 

matter of iiolatcil plienoniena — if we bear in mind i reaioa ii tliii:AVc tee from every point of view in 
how many things which appear iiolatcd have been ; which we may regard the Animal K.in|rdom — and I 
combinedirito uue and the tame point o:' view, we . ihall from thii moment limit all my remarUs to the 
are furnished with a strou;; ground uf hope that it Animal Kinpiom. in order not to treipass beyond 
will be given unto Man to attain that ins ii-'ht into , the buundi properly get to this diicourae — we 
Nature. tec that Man poMsesiei the moat comjdex and 

There ib another reason why Man may expect , most perfect structure. Kven his position it re- 
fdlly to understand Nature. We feel in uurselves markable and aiu;nilicant. Man's erect position in 
that we are not mere matter. \Vc have a soul, standing or walking blutws that he is placed at the 
We have an iuteliifrenoc. We have fceliuurs by head of creatiun. All the lower animals have a 
which we are in connection with each other. These ; horizontal position. The tishes move horizontally, 
feeliiiifs — that iutcliiL'tMice — carry us beyond tiie ! Gradually as we ascend in the scale of animated 
limits of our globe. We thus rise to the noti-jn of , beinj^'s we behold th>^ni raising their heads a little, 
a God. We have that within oursiilves which as- fejnakes have no feet, but tiu^y are able to elevate 
■o^es us of a participation in the Divine Nature; the head: and if wo proceed farther we find aao- 
and it is a peculiar characteristic of Man to be able ■ cessive types in which the position becomes an 
to rise in that way above material Nature, and to obli(]Ue one, until the head is raised more perpen- 
nnderstand intellectu 1 existences. The possibility dicularly. Hut to Man ahme is c'lvcn the most im- 
of obtaining an insight into Nature is thus strength- nortant iK)sition — the vertical position, which allows 
ened by the analo:(y between the Human and Di- him to make use of his hand and lingers and to raise 
▼ine Natures. On that principle. Man being made his eye directly toward the heavens, in this very 
in theimatre of God, it is possible for his intelligence , position — in this material construction of his body, 
to comprehend the doingsof God in Nature. Hence , we have an evidence of the superiority of man. Bat 
by a constant intercourse with these works — ^1)y a i in every respect, if we consider his structure, we 
Kataral Religion— by a constant study of these | see that Man stands at the summit of animal being 
works of Creation, we may come to understand the : — and that it is just so to regard Man as at the head 
views, the objects of the Creator in doing these i of Creation, will be one object of these Lectures. / 
^p^rks— -in introducing these phenomena as realities j Again, if wc consider the construction of animals 
into existence. We may, in one word, come to a j upon the surface of our globe, wc will find that the 
ffdl understandina^ of Nature from the very reason , lower types have been first created — ^that th^ 
tiiat we have an immortid soul. | belong to the most ancient rocks — that the deeped 

Again, our body is so similar to the bodies of ani- | rocks contain none of the higher animals, and that 



mals. The organization of our body discovers in- 
timate relations with their physical condition. We 
pass from the lower type of animals so gradually 
to the higher, until wo find Man, with his superior 
organization. Thus on one hand we see that 
owing to the intellectual nature of Man he has pe- 
culiar relations with the Author of all things, while 
on the other hand, from his physical nature he has 



gradually some more perfect types were introdno- 
ed till at last Man was created, and it may be shown 
geologically, by actual investigation and without the 
slightest reference to any historical or sacred tra- 
dition, that Man has been created the last. 

Again, if it cannot be shown from this point of 
view that the introduction of man was actually tbB 
object of the Creator, it may be at least shown 



a root in the soil — a material foundation, and hence j that Man was the last and most perfect work that 
both the intellectual and the material world is laid I proceeded from His almighty hand. But that it 
open to his contemplation, aflbrding substantial j was actually the object of the Creator to introduce 
grounds for the belief that he is competent to at- ' Man at the head of the Animal Kingdom can, I hope* 
tain a full understanding of the works of creation ' be shown by combining the knowledge we have 
and the plan of God when bringing the world into | acquired with regard to his physical structure, and 
existence. i his relations with the different other classes of ani- 

That all this creation has not been the result of i mals and with the surface of the globe at large, 
one creative act, we know from geological ob- j At no time do we find in geological epochs a spe- 
aervation. This globe — the animals which exist ! cics spread all over the surface of our globe. Kveij 
upon it now — have not been brought into existence type of animal — every variety of animal, occapief 
at one moment. We have learned from geological in the geological epochs only a small portion of the 
observation that a long series of epochs have sue- surface of the globe. This fact holds true in all 
ceeded each other, and that during every epoch geological times. Before the animals now living 



animals and plants, organic beings of various types, 
were successively living and died away, to make 
room for others, till the surface of the globe was oc- 
cupied by the animals and plants which now ex- 
ist with Man as their head. 

The most superficial knowledge of those pheno- 
mena soon gave rise to the notion that the intro- 
duction of Man has been the object of the creation 
of this globe, and the position which Man now oc- 
cupies upon the surface of this globe is such that 
this notion appears to us quite natural. I think it 
may be shown by actual demonstration, as far as 
physical phenomena can be demonstrated, that the 
view of the Creator in forming the globe — in al- 
lowing it to undergo these successive changes 
which Geology has discovered, and in introducing 
gradually all these different types of animals which 
have passed away, was, after all, to introduce Man 
upon the surface of our globe, and to bring him into 
connection with the other organized beings and 
with the soil in connection with which he does 
now exist. 



were created — when races entirely dift'orent from 
them existed, every species was circumscribed 
within narrow limits, and in no case occupied the 
whole surface of the globe. No one of the apecief 
of former epochs was superior to the whole type of 
its time. At no geological epoch do we find one 
species standing preeminent above others. Bat at 
this present epoch, we find not only that Man atancfal 
preeminent above all other species, but that he oo- 
cupies the whole surface of our globe ; and in this 
respect he appears to be of a superior organizatidi 
and endowed with privileges which no type ever 
enioyed before him. 

But I will not dwell on those general queatiozM 
without some more precise foundation. I shall at 
once proceed to call your attention to the varied 
types which exist in Nature, so as to have actual 
facts upon which to reason. I desire that the state- 
ments with which I set out may be regarded as 
the results of investigation and not as matter of 
mere speculative opinion. 

There is an astonishing variety of animals upon 



There if one reason to betiere that this is so. That the lorface of our globe. This variety is luch Out 
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Sider, the butterfly or the grasshopper, we find 
at it is divided into sach a series of rin»s. each 
movable on those anterior arid |K»:«teri(»rto it. Even 
in the worm — the leech — we have such riuL's, only 
in them they are very soft. Thus we iiHvt; Hiruady 
one character by which we can conibirni tl^o worm 
with the crab or with the spider. Bi»f ween the spi- 
der and the insect with wiu^s there is sc?irc*.'ly any 
difference but that ciinstitut'^d by the existence of 
winps. The winers are append atres <»f uo ^^reat im- 
portance when considered with rL*'"erence to the 
^en->ra} (trcanization of these animals. 

But t!:o m)ie strikinjr and imi)()rt»int didrtrcnce 
between those two types U again to b=» seen in 
the Den'ou.! systiem: and ic is a matter of no little 
impirf.'inr.o. t'jat the greatest diflvreuce bt-tweon 
anira^i'A -ih 'nlfi be perceived in the nervous system 
— in tho sy.iteai which presides overtlio most im- 
portiiut fa..v.tions of animalft. and hy which their 
faculties aro ' exhibited. That as^ain has the most 
■triking character; and always the same arrange- 
ment of it, and the same relations to the other or- 
gans are manifested whatever may be the exter- 
nal form of the animal. 

Now the nervous systems of the worm, spider and 
crab are so similar that no diiference will be per- 
ceived except by those who have paid some atten- 
tion to these subjects. [Here the learned gentle- 
man illustrated the nervous system of this type by 
diagrams on the board.] In the worm it will be 
■een there is one nervous ganglion above the intes. 
tine, and all the 
others below — 
as many active 
centres of ner- 
vous influence as tnure are rjiu..'s. Tins ali'ords an 
explanation of the well-known fact that many of 
these animals may be cut iivto pieces anil yet retain 
the power of regeneratinsr the ponious removed 
from the diffusion of the nervous inSaence through 
these different parts of the aiiimal. 

These details may appear very anatomical, and 
have litnle reference to the knowledge of animals in 
general, but I hope it will be seen that without 
such a foundation it is impossible to come to an 
nnderittanding of the Animal Kingdom — without 
which we cannot arrive at a knowledge of our 
own nature. The material, physical condition of 
oar own existence can by uo means be understood 
without a distinct and accurate idea of the struc- 
ture of the inferior animals. There is really no in- 




herent difilculty in thote subjects. Children mig 
just as eaiiily be instructed in this department 
uatur.d sci-nce as in those subjects which usaal 
occupy the iirrtt years of tuition, f Appla lae ) 

Tiietyp«t of a'iitiiMJs to which I have just riireoU 
your atioiit nn is called, from the peculiarity polntf 
out, the Ar/icnf'i/u. 

Too fourth ty[)e conti'.ins those animals "whif 
have this bony hume in their inti rior. Though on 
tho hard portitoK are represented in the niaj^ran 
>etalt have recoi'tiized the ostrich and the croc 
diio. ThoNj a iiri.iils possess what is called a' bac 
bone' — n continuoas column of bones from the bet 
to tl.e tail. Uu:kr this column is a large cavity 
which the organs of respiration and the inteatm 
are i^ntauied. On tho anterior part of the body 
the month — the opeidng of the intestinal tube ; m 
the iiose, the be:^ inning of tho respiratory organ 
Yet this is not the only cavity in the body of th 
order of animals. We have in them the head, tl 
cavity in which the brain is contained. We ha^ 
beside all along the bony column a cavity in whii 
is contained a substance called the spinal marxtr 
formini^ anotKer norvous centre. We have in fa 
two cavities of the body — one above and the oth 
below. 

This type of animals has received the name 
the Vcrtehrata. 

So wo have four great tribes of animals chan 
terized by peculiar external appearances as "Wi 
as by internal diflerences, of which the nervous sj 
tem presents as distinctcharactoristics as any otlu 
Thus, the location and arrangement of the nervo) 
systrrni mthorerfcbralt'd animals present an esac 
tial difference from the other ty]>es. In the Itadia 
and Molhmca aiid ArUculata tiiereis but one cavi 
id which tho nervous system as well as the orga 
of respiration, of circulation and of digestion a 
contained; while in tho verfchratfd animals ti 
two sets of orgaijs, thi'ue which preside over ti 
functions of the will and these which preside ov 
tho funocions whidi maintain the body in its natm 
system, are disiiibutcd in two diflerent cavitie 
the more: important being in the upper and the of 
er inthe lower. 

Jn the next Lecture I shall proceed to sbo^^ th 
notwithstanding this great variety of form in tJ 
Animal Kingdom — not withstanding the great *Hff 
cuce in external appearances — these animals— i 
of them in their types — are constructed on one a; 
the same identical plan. (Applause.) 



LECTURE II. 



CLASSIFICATION OF THE RADIATA. 



Infinite Wisdom displayed in the Animal Creation . . . .The Structure of Radiated Animals. . . .General Division of tl 
Type. . . .The Polyps. . . .Their Mode of Subsistence and Digestion. . . . Mode of Reproduction. . . .Have the Polypi 
Nervous System? .... Coral Reefs. 

the mere knowledge of isolated phenomena— tb 
even the study of an accurate classification is n 
the highest point to which our effort can arriv 
There is a more elevated view of the study of N 
ture than tnat, which we should always keep i 
sight when we enter on such a field of investig 
tion. It is to consider Nature as a development i 
the thoughts of the Creator. Regarded in thi 
aspect every object at once assumes a greater ii 
portance, an<l becomes invested with new and m 
perior value in our eyes. 

There was another point which I touched, bate 
it I shall not now dwell, as I shall repeatedly hai 
occasion to show that it is the true view in whic 
we ihoold proflecute these itadiefl — and that waj 



I. .Polypi (Many tentacles.) 

1. Actinoida (Ray-) 

2. Hydroida (Hydra-like.) 

n . . AcALEPH* (Nettle skin.) 

1. Siphoniphera (Siphon-bearing.) 

2. Discopkera (Disc-beariog.) 

3. Clenopherte (Having the tins of a crab.) 

III..£cniNODERMATJE (Skin with spines.) 

1. Astcroid-a (Star-like.) 

2. EchinideB (Sea-eggfl.) 

3. Holi/thuridce (Worm-like.) 



Ladies and Gentlemen: In beginning these 
Lectures I endeavored to show that the student of 
Natarfd History shoold aim at a higher object than 



The Animal Kingdom. 



that there is a plan, a general plan, in the works 
of Creation. We will be able to show that even 
isolated classes are made according to one precise 
plan ; yea, that we must refer at once the creation 
of these things to the nnderstanding of a higher 
Power, a greater Wisdom, than man's power or 
man's wisdom. 

After these preliminary remarks, I proceed to 
show that the Animal Kingdom is constructed ac- 
cording to foar diilereut modilioations of the ar- 
raneremeut of the parts. 

What nataralists intend when they speak of 
what they call " types " of the Animal Kingdom 
may be easily understood by compari&on. We all 
know that architects construct our dwellings ac- 
cording to plans conceived by them before the erec- 
tion of the edifice ; and if we take a general view 
of the works of domestic architectare we fihall see 
that they all agree in one respect. They are spaces 
circumscribed by walls, covered by a roof, and are 
designed to alford shelter, comfort, find even all the 
luxuries of life. All these structures, from the 
humblest iiut to the proudest palace, agree in this 
general object, and we may say that tlioy are all 
constructed according to one plan, though it may 
be subjected to endless variety of modification. 

Again, those who have studied and practiced 
music know very well that they can, from a funda- 
mental harmony, produce a great many variations, 
and yet among these variations they will very 
readily recognize the principal tune. Well, in Na- 
ture we will readily discover one fandamental har- 
mony throaghout the works of Creation, and we 
will soon perceive that the variations of the differ- 
ent types can all be reduced to that general princi- 
ple. Nay, we can go farther and recognize in these 
fotir types a fundamental idea which is common to 
all. The fundamental tune in the Animal Kingdom 
is life, while the endless varieties are the thoughts 
of the Croaror diversified in an infinito degree, and 
all in such a way as altogether trnnsccuds the in- 
telligence or even the fancy of Man. Thus, in 
whatever way we regard this subject, our contem- 
plations must always at last fix outbe great Archi- 
tect of the Universe. 

These four plans are, as I mentioned ; first, the 
Verlehrala, to wrhich Man belongs, snd the liigher 
animals as we call them, the mammalia, birds, rep- 
tiles and fishes. They all agree in one respect — 
that they Lave an internal frame of bontis surroand- 
ed by flesh, and that under this covering of hard 
and soft parts there are cavities containing the 
viscera — the difi'erent organs by which we digest 
our food, and breathe, and by which the blood is 
circolated ; and another cavity above that contain- 
ing the organs of the higher functions of animal 
life, the brain and spinal marrow, the organs of 
aense, the nerves. This type has an arrangement 
of parts which may be expressed by a very simple 
formula ; and as chemists have adopted formulae to 
express the compositioH of inorganic bodies, we 
may adopt formulsB to express the general struc- 
ture of oreraoized beings. A figure, then, like the 
xiiuneral 8 would express the general arrangement 
of parts in all vertebrated animals. The centre of 
the two bodies being the body of the vertebral col- 
onm ; the upper arch, or cavity, representing the 
cavity containing the brain, and forming the upper 
region of the animal, and this lower cavity contain- 
ing the viscera— all surrounded by fleshy parts 
from which some appendages in the higher animals 
proceed to form the limbs. I shall have occasion 
to show how the arms and legs all conform to the 
different arrangements of the Verlebrata. We can 
trace these modifications from the lower type of 
fishes, where the arms continue attached in contin- 
oooi f(Mrm — or snakes, where there are no external 



legs, nevertheless there are some inch organi of 
locomotion connected with the walls of the body. 
All these analogies may be traced and be actually 
shown by direct demonstration. 

The next type is that of the Articvlata : then 
there is the AloUusca, the third ; and the Radiatat 
the fourth typo. All these three types agree in one 
■respect, that their organs are contained in one and 
the same cavity. There is but one cavity. But 
the nervous system, as I showed, difiVrs in its gen- 
eral arrangomt-ut. and alt differ in another k sseutial 
point — in the mode in which they are formed. — 
When speaking of the formation of animals within 
the egsr, 1 shall hnvo occasion to show how funda- 
mental are these differences. They are such that 
the germ of an articulated animal is formed just re- 
versely to that of the MoUusca. These differences 
in the formation of the animal have been traced in 
so many animals from the egg up to the period of 
full growth, that there can bo no doubt on the sub- 
ject, and there can bo no doubt that the peculiarity 
in the location of Ihe nervous centre in the lower 
portion of the body of the Ariiculata has reference 
to the mode of formation of the germ and develop- 
ment of the raw individual. 

These facts may be very readily observed in the 
egi^B of the crab and the si>ider. It is more difiicult 
to investigate this in the eggs of insects, because 
they are not so transparent. In them the delicate 
process of the formation of the new individual is 
not easily traced. But in the crab it is very easy 
to observe it. I need hardly say that this is one 
of the most interesting and wonderful things in 
the study of the Animal Kifigdom. 

In the first type, all the parts [branch as it were 
in all directions and form a radiated animal ; and 
in these different rays we see sacs of the alimentary 
canal, so there is no anterior and posterior region, ow- 
ing to the general adaptation of the parts to the gen- 
eral arrangement. Perhaps the diilerences which 
are notorious between the form of types may not bo 
easily coniprL'hendeil now, but I hope when enter- 
ing into more details with reference to the struc- 
ture of the various types to make this part of the 
subject better understood. 

My obj(-rt in this recapitulation was to show that 
this division of the Aiumal Kingdom was really 
based on this intimate structure — on the very foun- 
dation cS the p'an a('(:(»r(lirg to which they have 
been constni'<.t«.d ; aiirl that this division has not 
been r-.do[;ted merely for external differences per- 
ceived between the variousftypes of the Animal 
Kingdom. 

I shall now proceed to demonstrate the structure 
of the radiated animals. 

My object in beginning with the lowest type of 
animals is to show how wonderfully organized are 
those beings even which occupy the most inferior 
condition of existence. Their organization is in- 
deed so simple that for a long time they were con- 
sidered as wanting in iiiternal structure. But more 
minute investigation has sbown that even the low- 
est of the radiated animals have a structure infi- 
nitely more complicated than was at first supposed. 
They all agree in one respect — they have all a radi- 
ated form. 

I have here before me oneof those animals which 
show this radiated ai<pearance most distinctly. It 
is a star fish, of the common species, found living 
on the American shores of the Atlantic. All radi- 
ated animals have not this radiated appearance so 
distinctly marked ; but in most of them it can be 
readily perceivet^when they are subjected to suf- 
ficient observation. In some it is traced with difll- 
culty, owing to the very minute size of the animal. 
There are a great many of the radiated animals 
whose entire length is scarcely a line or even less 
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■ponge, and the tJimentftrf pDrtlom remBui within 
the body of the inTrasI, while Che iQperBnoDg wa- 
ter encapes through the tentaclei. Of coune the 
contact oflhewBtcrprodocol a hind of relpiration. 
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:e e(tRa. A great 
many oi the animals claaaitied ia the Ijifasoria are 
only egga of polypa and other lower animals swim- 
ming iVeely by the aetncy of their libraloiy cilia, 
which cover \A,e Bnr^ace of the egg-shell. The 
■eeda otplaata are ia the aame way covered by 
cilia, and. moving freely ia the water, are also oRvil 
claiacd with the infiitoria. There are plant* 
called Coii/mjffi. divided by pBrtiCiona in the man- 
□er which I have described, and the seeds aie 
covered with vihratoiy cilia, moving ao freely 
in the water that they cannot be diatinguished 
from the lower animals. They are so minnte that 
an examination of theirintemal atractare is a mat- 
ter of very great difficulty. If we could only as- 
certain whether they have a stomach, their posi- 
tion among organlEed belags would be very easily 
filed. Bat as they are so minute that the highest 
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Additional Facta Relative to the Stracture of the Polyps.... Tlie Orand Distinctions between Animals and Plants.... 
Organization uf the Egg.... The AoalephaB....StrucLure of the Jelly-B'ish.... Phosphorescence of the Ocean in part 

Bruciuced hy the Medut)ao....Ditference between the Polyps and Medusae.... Mode of Growth of this Species.... 
'iscoveries of Sars, Krohn and Chainesso....The Echinuaermata.... Interesting Field of Invenligation Open.... 
Structure of this Species.... Mode of Locomotion.... Digestive and Circulatory Apparatus.... Evidence of Design 
in this Department of the Work of Creation. 



Ladies and Gentlemen : The lait Lecture was 
occupied in tracing the cbaracteriatic featares of 
the polyps — the lowest of the radiated animals. I 
■bowed now simple, and nevertheless bow beaati- 
ftil and well adapted the structare of these animals 
is. We find in them only one organ, and yet we 
find almost all the functions of animal life. That 
one organ is the stomach — an ample cavity with 
two openings, a mouth and a bole at the bottom of 
the sac emptying into the general cavity of the 
body; thus the food when digested is mixed with 
water which constantly fills the general cavity of 
the body. This mixture of sea-water is constantly 
■et in motion by capillary cilia or hair-like append- 
ages covering the whole surface of the internal 
cavity as well as the internal cavity of the tenta- 
cles, and by the partitions which run from the ex- 
ternal wall of the animal toward the centre of that 
cavity thus filled with water, which is then kept in 
motion in different currents, some ascending, 
others descending, so that there is constantly kept 
up a circulation of the digested food. The walls of 
the animal are permeable to this liquid— that portion 
which is nutritive remains in the walls of the ani- 
mal, while the water which has been the vehicle for 
this food is pushed out by the contraction of the 
animal. 

There are two exits for the food, either through 
the mouth again, or by the small openings in the 
tentacles. The water which fills the general cavi- 
ty enters also through the tentacles and the mouth 
— alternately through one or the other. But as 
there are muscular fibres similar to the flesh of 
higher animals which can be elongated by gradual 
contraction or expansion, this cavity can be alter- 
nately shot, so that by the contraction of the mouth 
tiie introduction of water may be allowed or pre- 
Tented. The contents of the stomach may be kept 
within the cavity by the contraction of the lower 
opening of the intestinal cavity, and again the 
tentacles can contract at their end and so prevent 
the water from escaping ; and while the digested 
food is moving with the water within the cavity, 
with the tentacles thus contracted, nothing escapes 
—bat after the nutritive portion of the food has 
been absorbed by the walls of the animal, then the 
water is allowed to escape through its mouth, as 
well as the other opening. An agency or influence 
if undoubtedly exerted upon the surface of the ani- 
mal by the surrounding water which may be com- 
pared to the respiration of animals that live in the 
water. There is something similar to bronchial res- 
piration in somO; of the lower animals, especially 
ttie Mollusca, where the action of the water acts 
oa the fluids in the animals and produces upon them 
a ohange which enables the fluid to become a por- 
tion of the living creature. These changes are 
rery complicated and not all fully understood. — 
There is much room for investigation with reference 
to the changes which the food undergoes in order 
that it may become a portion of the living animal. 
What is more wonderful than what we lee every 
day — a cow grazing and turning the grass into 
brain . muscles, bone ! That is constantly going on ; 
and different animals produce the same changes 
upon common food, with different organs, but in all 
the same result. Thus the same food is transfdrmed 



in one case into the body of the hare ; in another 
into that of the deer ; and in another into the bod;^ 
of the elephant. With the same food these ani- 
mals not only reproduce, but create, as it were, 
their bodies, under the influence of the primitive 
material principle which is the cause of their exis- 
tence. 

Another system of organs existing in the polypi 
are the ovaries, hanging in bunches either in the in- 
ternal cavity or outside on the tentacles. These 
two forms have been the foundation of the two 
great divisions of the polypi, namely, the Actinai- 
da, the name derived from the Greek word for 
" ray," and the HydroidOfbectLase these animals re- 
semble that one which has been called the hydra 
— a name reminding you of a fearful animal. 
Thus these harmless, minute, almost microscopic 
animals have received that formidable name. 

You see here (pointing to a diagram) eggs forming 
on the outer side. Some are not isolated as in this 
case. In many instances the eggs hang in bunches 
— as you have them here, for instance, in another 
diagram. 

I then alluded to other differences in polypi, 
where some were isolated individuals and others 
combined ; the latter budding on one and the same 
stem, thus forming three large groups of individuals 
united by their base. It is a peculiarity of polypi 
to be fixed on the soil. There are no free swimming 
animals among them. Some are attached to other 
bodies at the bottom of the sea. Some are fixed 
at will or move at will from their location ; but there 
are none among them who swim freely in the wa- 
ter. In this respect many of them have some 
likeness to plants, and were indeed long mistaken 
for plants. Even so late as the middle of the 
eighteenth century, naturalists quarreled about 
the vegetable or animal nature of polyps. But 
it is now fully understood that they belong to the 
Animal Kingdom ; while, on the other hand, many 
organizations which belong truly to the vegeta- 
ble kingdom have been introduced among the poly- 
pi, and must of course be rejected from that class 
and be again classed among the plants. There is, 
indeed, some difficulty in distinguishing some of 
the lower types of plants and animals. I have al- 
ready alluded to one grand distinction between 
them. The existence of a stomach is a chief char- 
acteristic of an animal, and no being should be intro- 
duced into the Animal Kingdom in which a stom- 
ach does not exist. But as there is great difficulty 
in ascertaining in some of the lower animals wheth- 
er there is an alimentary cavity or not, we must 
take other characteristics by which they can be 
distinguished ; and we have now a very remarka- 
ble test by which we can determine whether an or- 
ganized being is a plant or an animal. In the mode 
of respiration we ma^, by chemical analysis, dis' 
cover whether an animal or a plant is before us. 
All animals in respiration assimilate oxygen and 
reject carbon, while plants assimilate carbon and 
reject oxygen. There is thus a constant antagon- 
ism between the animal and vegetable kingdoms. 
All animals would die were it not for the breathing 
of plants, and all plants would perish did animals 
cease to respire. The antagonism is such that the 
whole amount of animals living, now consume pre- 
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animals. In some the appendages are longer than 
the body of the animal itself. In others they are 
quite short. In some they meet rei^alarly and form 
trianqles. In some they are fow in number, but of 
large size. But in all they are hollow, and they ab- 
sorb water, and also admit the digested food, which 
is circulated through these tubes and introduced 
into this circular caual. The motion of the llaids is 
not in a uniform direction. Sometimes it is one 
way, sometimes another. It is an irregular circula- 
tion, which changes its direction. In some of the 
lugher animals, the heart causes the blood to rush in 
one direction, and, after it returns, propels it in ano- 
ther direction, so that in one and the same animal 
we have the heart acting in different directions, 
and we have that singular phenomena in some of 
the meduste. In this respect wo have a complica- 
tion which exists in very few of the polypi. It is 
round these appendages that the ovaries usually 
hang in large bunches. These colored bunches are 
bunches of eggs hanging outside the tentacles 
which surround the mouth. 

In some of these animals, colored specks have 
been seen between the tentacles, usually red, and 
they have been conjectured, not without probabili- 
ty, to be eyes. 

This is about all that if known of the structure 
of these animals. There are several varieties of 
them. Some have large gelatinous discs ; they are 
the common jelly-fish. Others have a large vesi- 
cle above the tentacles and compact portion of the 
animal, which allows them to swim on the surface 
of the water. Others have a great many of these 
▼esicles. Others again have vertical series of sin- 
gular appendages acting like oars, by which they 
move very rapidly in the water The locomotion 
of the first class, those having a disc, is owing to 
the expansion and contraction of the disc. The lo- 
comotion of the second class is owing to the motion 
of the tentacles and the conrraction of the air ves- 
sels ; while that of the third class is owing to those 
series of vertical appendages. 

In their mode of growth they present most ex- 
traordinary phenomena. Not ai) of them have been 
Studied, but those which have been examined pre- 
sent these phenomena. The Swedish naturalist, 
Bars, has discovered that the eggs of the common 
medusa of the Baltic Sea were movable. This 
might appear almost incredible, had not repeated 
subsequent observation established the fact. I 
shall endeavor' to illustrate the formation of the 
egg. In an egg of this form the enlarged upper 
portion begins to grow with four appendages — 
these appendages forming a star-like animal. 
. It gradually changes its form, and assumes the ap- 
pearance of the polyp, for which it has sometimes 
been mistaken. The number of tentacles increases ; 
as many as sixteen and twen^ tentacles are now 
seen, with much change in the general form. Then 
a considerable change commences. This animal, 
with all its tentacles at the upper end, begins to 
contract, transversely, just as if it were pressed in 
different places ; and these contractions increase, 
■o as to form, very soon, several stages one above 
the other, like a series of independent cups, 
only from the contraction of the primitive trunk of 
this polyp-like animal. This internal column, re- 
sembling the backbone, which keeps them togeth- 
er, stni continues to contract so far that the cups 
soon divide into as many individuals, and become 
free, movable from that time, and turn in opposite 
directions. Before they separate, the margin is 
fringed — divided in such a manner as to be fringed; 
and the moment these divisions are separated here, 
. tiben the animal turns the opposite way and we 
have here a disc with fringes round it, turned in 
opposite directions. We see a cavity forming here. 



We see appendages here formed, and we have very 
soon a regular medusa ! (Applause.) Thus after a 
series of various formations we have several dis- 
tinct individuals produced from the sinple egg. — 
The number of animals thus produced from one egg 
is sometimes as great as a dozen, and even more. 

But what is very singular in this process is this — 
that the upper portion of the animal does not undergo 
these changes. The moment the animal divides 
into these numerous young medusas, this dies off.^ 
The upper portion of the stem dies away, and it is 
only the lower divisions, formed in the manner I 
have described, which constitute new individuals. 

More extraordinary phenomena are observed in 
another type of the medusas similar to these. In a 
species little known and not observed that I know 
of on the American shores of the Atlantic, we find 
a compound animal — several individuals being at- 
tached to one another and swimming freely in tho 
water. They have all the general arraiigements of 
the medusfli. They have been described by nu- 
merous naturalists, and two varieties of them have 
been noticed. Chamisso, the Prussian naturalist, 
remarked that one variety of these combined ani- 
mals had always isolated eggs, while the other had 
eggs in bunches. He was induced to admit that 
these ten types were of the same species, being 
only different stages of the same being. This was 
regarded as rather inadmissible, until lately a Ger- 
man naturalist named Krohn, in the course of inves- 
tigations on the coast of Sicily, ascertained distinct- 
ly that it was the fact, and that in one and the sama 
species there is a set of isolated individuals having^ 
eggs which never separate and form individual 
groups of animals, while each individual of theso 
bunches lays isolated eggs, which form free, uncon- 
nected individuals. So then we have successive 
generations which do not resemble oach other, and 
in which the grand-parents are similar to the grand- 
children, but the intermediate generation never like 
that w^hich precedes or follows it ! We have in 
mankbd sometliing to remind us of this curious 
phenomena. We find family likenesses, as they 
are called, go through two generations, omitting tha 
intermediate. Certainly that is a corresponding 
fact to this. 

These phenomena it is somewhat difficult to 
trace, as it is necessary to follow for a long whila 
the same individual, but they have been ascer- 
tained beyond a doubt, and especially through tha 
care of the Swedish naturalist, Sars. It is singu- 
lar, I- may here remark, that a gentleman should 
be found in a country so poor in interesting natural 
phenomena ready to devote himself to the minuta 
investigation of these phenomena, and succeed in 
so eminent a degree. In some other portions of 
Europe, on the contrary, where the facilities of 
prosecuting such investigations are very remarka- 
ble, comparatively little advance has been made in 
natural science. 

The next class of which I shall speak is tha 
Eehinodermata, 

The internal structure of this class is more com- 

{>licated than that of the preceding, though it fol- 
ows the same plan. We have here also the or- 
gans arranged as rays round the central cavity. 
This central cavity contains numerous independent 
organs. While we had in polyps and medusas tha 
function of digestion and respiration produced by 
one and the same cavity branching within the re- 
cess of the body, in this class we. have an alimen- 
tary cavity forming a stomach and extending some- 
times in several circumvolutions through the body; 
and the respiratory function performed by indepen- 
dent appendages. The fluid is set in motion by 
organs always independent of the alimentary canal 
as well as respiratory organs, though all in connec- 
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tion, and in connection similar to what obtains 
among the medassB. 

Many of the facts which I shall add now were 
not folly ascertained until lately. Bat recently I 
had an opportunity of studying the internal struc- 
ture of this class while on board a vessel employed 
in the Coast Survey. I have thus been enabled to 
observe more attentively the star-lishes, and dis- 
cover how intimately allied they are to the me- 
dusas and polyps. I may here be permitted to re- 
mark that, notwithstanding the material which 
is at hand on the shores of the Atlantic for the 
strtdy of the whole of the types of radiated 
animals, there is no work existing on the po- 
lypi of the American coast ; there is no work 
in which you can find even a dry catalogue 
of this species. Though so many beautiful 
works on the Natural History of this country, and 
especially of this State, have been produced, it is 
flomewhat surprising that there is no record what- 
ever of the radiated animals. There is no work on 
the medusas. These three classes of Radiata afford 
an ample field of investigation, and one which will 
fully compensate the labor bestowed upon it. It is 
due to the cause of Truth and Science that the pub- 
lic teacher should not only ascertain what is known, 
but also what is to be done ; and here a great deal 
is to be done, this group having been much more 
neglected than others of the Animal Kingdom. 
(Applause.) 

The most admirable arrangement is seen in the 
external covering of the Echinodermata. It will 
scarcely appear credible that these two specimens 
are formed of the same hard plates, arranged in 
the same manner, only of difierent proportions, so 
that one presents a sphere-like and tne other a star- 
like appearance. But if in the one case the plates 
were a little elastic, it would be easy to change the 
form of the star-fish into that of the ecbinos, and 
vice versa. After I have shown the structure of one 
of these animals, I trust that this statement will 
not be regarded as at all exaggerated. 

You see two openings in such an animal — an up- 
per and a lower — not always opposite each other. 
I shall begin with the simplest class, before ap- 
proaching the other. Around this simple opening 
five large plates are placed so as to leave a space 
between them, and five smaller plates occupy the 
interstices. In each of these large plates there is a 
hole. Through these five holes five tubes open. 
Through these the eggs escape. The plates of the 
foody are arranged in a series of very different 
kinds. Alternately we have a series of plates per- 
forated and a series of plates imperforated. Upon 
those plates without holes we have large tubercles, 
upon which the tentacles or spines are movable. 
These form, as it were, ten vertical ribs from each of 
the openings to the other. Through the holes of 
one of the series little tentacles protrude, having 
an opening in the end, and which can be retracted 
and pushed out so as to disappear or extend even 
beyond the points of , the spmes; and by these 
tentacles the animal can move as well as by the 
motion of the spines. These plates, which are im- 
perforated, are just opposite to the large plates. 
Those which are perforated, are intermediate. 
They all meet at the lower end, where there is 
another large opening, and this lower opening is 
the mouth. 

The spines are movable, and it is their motion 
which enables the animal to walk from place to 
place. In some, the power of locomotion resides in 
the minute tentacles in the plates. 

The food is introduced through the mouth, and 
is crushed between very powerml plates. You find 
<the jaw very complicated. The complication is so 
great that it would require a full hour to explain 



merely the structure of this part of the animal. — 
There is scarcely any portion of the organization 
of the animal creation more complex than the jaw* 
of these animals. It is formed of almost immmer- 
able hard plates, famished with teeth, moved 
by very distinct muscles, and put in action by 
a complicated nervous system. I will mention 
merely that these jaws are five in number, 
and are arranged in such a manner as to cor- 
respond with these ten series of plates. One 
jaw is always before an imperforated plate. These 
jaws are so powerful that they can crush shell- 
fishes and the hardest bodies. The intestinal tube 
is a wide tabe provided with several appendages, 
so as to make it more complicated than in any of 
the other radiated animals. 

But what is more singular in these animals is the 
existence of a heart and actual respiratory organs. 
These tubes, which can be protruded through these 
small holes, terminate by a hole, and inside of the 
shell there is in each of these tubes a considerable 
vesicle which is filled with water, upon which there 
is a number of blood-vessels. But here these tubes 
can be shut, and there is another apparatus for in- 
jecting these vesicles in the tube. I should have 
mentioned that one of these plates is larger than 
the others ; and there is then a sieve of little holes 
by which the water can enter into the body ; and 
by another tube which comes down in that way 
and reaches to the lower opening, all these minute 
vesicles can be filled ; so that there is an alternate 
movement of the water from outside and through 
these tentacles and shell to maintain a current upon 
the organs which are covered with blood-vessels. 
Respiration is nothing but an interchange of air 
and liquid moved in vessels. Here we have all 
these conditions in the interior of the echinos, the 
heart being placed near the intestinal tube. 

Still more, we have a complete nervous ring 
around the jaws and from five points of the ring 
threads arising and proceeding along the imper- 
forated plates so as to reach the upper ridge where 
they terminate on the five smaller plates which 
are perforated. In each of these holes we have 
an eye, so that we have five eyes at the termina- 
tion of those nerves arising from the ring around 
the mouth. 

There are two principal forms of the echinos. 
The star- fishes are one of these principal forma- 
tions, and are by no means so simple in struc- 
ture as the polyps. They have a peculiarity not 
easily explained. The whole body is full of water. 
We have a similar general cavity as that found in 
the polyp and jelly-fish, but no hole by which the 
body could be filled. This hole forms the mouth, 
but the mouth and the intestinal tube do not com- 
municate with the general cavity of the animal. 
Again: these perforations through the shells, 
by which the tentacles come out, have no com- 
munication with the internal shell. The ques- 
tion, then, was — How does the shell fill with 
water? No opening was seen. But there are 
really openings, so minute as to be seen only 
under a high microscopic power ; and I have been 
fortunate enough to ascertain that these holes exist. 
I have even seen the membraneous tubes which 
pump the water and fill the whose cavity of the an- 
imal. These are so extremely minute that they 
cannot be seen by the naked eye until it becomes 
accustomed to the investigation of them. Then 
they are just as plain as any other part of the ani- 
mal. But they are extremely contractile, and the 
moment the animal is touched they become retract- 
ed and will not be seen for a long time. I have 
injected these tubes with colored matter ; and by 
keeping the animal in colored fluid, I have demon- 
strated that there can be no doubt of the fact of 
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ibrmi this ihell, which ia, as yon perceive, of large 
■ize, and out of which it pushes a large foot on 
which it walks, when contracted is entirely con- 
cealed in the bottom of the cavit>-. In others there 
^ are two shells which cover the soft parts. Some- 
times there is bat one shell very much carved on 
itself; and in other cases forming only a flatdisc. 
covering only the apper part of the body. 

The softness of these animals is very character- 
istic, and in no other type do we iind tissues so 
0oft as in this class and so capable of coutainihg a 
great quantity of water. They ontinually absorb 
a certain q-.iantity of watei , wliirh penetrates the 
mass of the body and maiiitaius it in a state of ex- 
pansion. But when contracting this water, is ex- 
pressed in a way (juite similar to the water con- 
tained in the sponge when it is squeezed. 

The orf::anization of the Mollusca is, in some 
cases, highly complicated. In others it is as simple 
almost as in the polypi. The difference in the latter 
case is only in the symmetry. The mouth being in 
the anterior region, and the nervous system sur- 
rounding the anterior extremity of the intestinal 
canal in a vertical position, while in the Hadiata 
the nervous system is placed horizontally. The 
nervous system is placed above the intestinal ca- 
xial,forming a ring around the tube; with some other 
ganglia below, from which the nervous threads run 
into the different organs. From the upper ganglion 
we have nervous threads going into the tentacles. 
Here are threads going to the other organs placed 
in the cavity of the animal ; and here are threads 
running into the muscular fibres which move the 
animal. A similar structure is found in those hav- 
ing two valves, only the synmietry is somewhat 
different. Always the nervous system is com- 
posed only of a swelling above and a swelling be- 
low the alimentary canal from which the threads 
are sent to the different organs. That is the gen- 
eral arrangement of the nervous system in all 
N the oUusca ; the M alimentary tube passing through 
the nervous ring, but the ring having a vertical 
position, while in the Radiata it has a horizontal 
position. 

We see the difference here is rather in the posi- 
tion of the organ — in the relation with other parts 
— than in the structure. This nervous system is 
■carcely any more complicated than the nervous 
■ystem of the star-fish, or echina. Perhaps these 
ganglia a$e somewhat larger and less numerous ; 
and in the smaller number is evinced a degree of 
superiority. We see in the higher animals that 
certain organs not unique but in pairs, in the lower 
animals exist in great numbers. In the star-fishes 
and echina, where we have the first evidence of 
eyes, we have an eye at the end of each ray — as 
many eyes as there are rays, and as many ganglia 
as there are rays, and from each a nervous filament 
running through each ray. Here we have a small- 
er number of nervous ganglia and they are placed 
so that one stands above the other and on the ante- 
rior region of the animal ; in that way this ganglia 
or nervous centre has a greater influence upon the 
whole animal ; and it is only owing to the position 
of that nervous mass that the anterior region of the 
animal has become more important and possesses 
greater vitality; while other organs round the mouth 
nave a higher importance to the functions of life. 
Wherever the nervous system becomes larger and 
acquires a preponderance over the other organs, 
then we see that life acquires greater intensity 
and that all the important organs are accumulated. 
It is so with the head of vertebrated animals which 
contains all the organs of anv high importance. — 
The organs in other parts of the body are just as im- 
portant to the maintenance of life and the sound 
condition of the animal, neyertheless they do not 



possess the high value which the organs in the 
head of these uiimals exhibit. 

The alimentary cavity is complicated in the Mol- 
lusca. It is I longer a simple or branched sac, as it 
isin the Iladiata. But we have in them, behind 
the mouth, which is usually surrounded by ten- 
tacles, to introduce the foo<l, sometimes two in 
number, and sometimes four, arranged in pairs, 
two above, two below, or only two on the sides — 
behind the mouth, I was about to say, there is a 
narrow tube, the oesophagus, and usually a large 
bag which is the stomach, and the intestine behind. 
Now this stomach is complicated, inasmuch as 
there is a liver, a glandular ort^au united with it ; 
and this liver is sometimes very large, surround- 
ing the whole stomach, and secreting a greenish 
dark liquid, known under the name of "bile," 
which is introduced into the stomach and helps di- 
gestion. This bile, the secretion of the liver, is very 
considerable in all the Mollusca. The hveris some- 
times so large as to exceed in size the whole of the 
animal. It is more than half the weight of the 
body. Sometimes there are several livers, two 
three or four, arranged around the stomach and 
opening directly into it. 

The organs of respiration are always distinct, 
and uniformly present the form of gills. Their po- 
sition varies very mitch in the Mollusca, and 
I will not now enter into the details of the arrange- 
ment of these respiratory organs, as I shall have 
occasion to explain the differences which they ex- 
hibit in different types of the ^eat group of mollos- 
ca. But everywhere these gills are present ; and 
when I say everywhere, I do not exclude that class 
which breathe the atmospheric air, which have no 
lungs, notwithstanding they respire by air, but 
have gills like other Mollusca, only they are kept 
in contact with atmosperic air, ana not with water. 
Their gills, then, are not at all similar to the lungs 
of higher animals, and are entirely similar to the 
gills of other mollusca. What are gills ? Every- 
where a blood-vessel divides into parallel branches 
which are brought into contact with the air con- 
tained either in the atmosphere or in the surround- 
ing water; these organs are called "gills." Some- 
times these blood vessels are united by a mem- 
brane which forms them into appendages of very 
varied forms. Sometimes they are loose, and then 
they form tree-like branches upon the back or into 
the cavity of the animal. The gills may be exter- 
nal, as in many Mollusca — internal as in others. — 
Sometimes they are placed in such a way as to be 
used at the same time as organs of respiration and 
of locomotion, acting on the sides of the animal and 
performing the functions of feet. Sometimes they 
are entirely concealed in the interior, and the water 
and air are introduced by external openings. We 
see all these differences among the Mollusca, and 
it is more important to know these differences, as 
they have been made by some naturalists the basis 
of the classification of this department of the Ani- 
mal Kingdom. Cuvier's classification of this great 
gronp of animals is almost entirely based upon 
the arrangement of the respiratory organs. 

The organs of circulation are very singular in 
their arrangement. There is uniformly a heart in 
the Mollusca. But this heui; is placed in avexy 
singular manner. In some it is placed in the cen- 
tre of the body. In others it surrounds the alimen- 
tary tube, so that the intestine passes right through 
the heart. In others there are several hearts 
placed in different positions in the animal. Some- 
times there is a heart at the base of the respiratory 
organs, and sometimes a central heart to supply 
the body. In some cases tiie heart is very near 
the mouth, and opens into wide cavities containing 
oUier organs. Nowhere is the oireolation more 
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unequal in different animalfl than among the mol- 
Insca. There are not two families in which the 
blood ii circulated by similar apparatas, and more- 
over there is no class among the Mollusca where 
the circulation is continuous. I will give au ex- 
ample : Here is one of the Mollusca, resembling a 
elag. It has a large foot on which it walks and a 
flat shell on its back, in which the viscera are con- 
tained. From the heart in this animal there 
originates a largo blood-vessel running downwards 
toward the head, and the blood no longer contained 
in this vessel is diffused into a cavity, so that the 
tongue and posterior apparatus of the digestive or- 

fans are actually swimming in the cavity full of 
lood. From the walls of this cavity new tubes 
arise, which unite into other vessels, and thus form 
an artery or a vessel running backward and di- 
viding into the body. 

In others of these animals we have the blood- 
vessels opening into tbe*cavity which contains the 
viscera and surrounding the stomach — surrounding 
the intestines — and surrounding the liver, and then 
again absorbed by vessels to be diffused into the 
lower parts of the animal. So that there are every- 
where blood-cavities into which the blood-vessels 
open, and from which other vessels arise and diffuse 
again the blood into the organs. 

The extraordinary structure of the blood-vessels, 
and of the circulation in the Mollusca. has not been 
long knovm. It is the discovery of one of our most 
eminent naturalists — the present Professor of Nat- 
ural History in the Jardin des Plantes in Paris. It 
throws most important light on the mode of circula- 
tion and of the organs of circulation in the animal. 

How are the blood-vessels and blood formed in 
animals, and how does circulation begin ? In ex- 
amining the QgQ of a fish, for example, we first ob- 
serve an accumulation of red corpuscles, which be- 
gin to move in different directions, but without ves- 
sels, till, after a certain time, there is a regular 
movement of some of these blood-corpuscles in a 
iBtraight direction ; and then they will extend over 
the surface of the yolk and form regular streams, 
but always without vessels till the vessels are 
formed around the blood, when regular channels 
for the circulation arise from the fact that vessels be- 
gin to form around the corpuscles, similar to what 
we see occur after a heavy rain. When the water 
runs over the street, there is at first no channel 
for the water ; but after it has run for some time in 
different directions, channels begin to present them- 
selves, which gradually become deeper and deeper 
in the softer parts, till the water remains bounded 
by them. So in a living animal, the cells, being 
excited by the current of the blood, are gradually 
formed into channels. The young animal is formed 
entirely of cells. Some of these cells become mov- 
able and are moved in different directions and form 
little streams — little currents in different ways, and 
tiien after these streams have become regular the 
vessels are formed around them. In this way you 
have a full explanation of those large blood cavi- 
ties in th e Mollusca; and those unconnected blood-ves- 
sels opening into the larger cavities and a heart 
which is central, but which does not communicate 
with the most distant portions of the body. I think 
the only way to understand the circulation 
is to consider it and the blood as arising 
from the liquefaction, as it were, of the cells which 
form the animal, which then become movable, un- 
dergo a motion in precise and uniform directions, 
and then are surrounded by cells which form the 
vessels, and which fomt the heart. It is only when 
tracing all these phenomena in the young animal 
within the q^^ that these details can be understood. 
But I could not help adverting to the formation 
of the blood-vesself when «pewng of a class in 



which the circulation is so unique as it is in the 
Mollusca. 

Let us now turn our attention to the Mollusca 
themselves, and see what form they show in the 
whole range of the class. All the diagrams on the 
wall belong to that class, but you will i)erceive 
that they present many different forms. "H ere is an 
animal resting on a stem. There is one very like 
a coral. Here is one which for a long time has 
united with the coral, and by many naturalists is 
ranked as such. You perceive that it has cells 
similar to those of the common coral- Here you 
have animals with two unequal valves. Here, 
others with two equal valves. Here one with one 
central valve curved. Others without any protec- 
tive valve. All these diversities exist in one smd the 
same class. 

The MoUuscahave beendivided into three classes. 
The first class is the Acephalae — animals without a 
head. They really havo no head. The anterior 
and posterior extremities hardly differ. This class 
of acephaloB have the bivalve shells. You have 
here examples of them ; two shells united in the 
superior margin and movable along the back. But 
many of them unite to form compound masses. — 
Yet the organization of the individuals thus con- 
nected has been ascertained to show the same 
structure as that of the bivalve class. I shall soon 
enter upon the details after I have explained the 
characteristics of the acephalaa. 

The characteristic of this class is to have two 
symmetrical regions ; a right and a left side, over 
which hang the respiratory organs. If I cut across 
an oyster, I find that the vertical line is longer than 
the longitudinal diameter. Here is the anterior re- 
gion of the oyster — ^here the posterior region : and 
you perceive that the vertical or perpendicular di-''^ 
ameter is greater than the longitudinal diameter. — 
Here we have the interior mass of viscera, the sto- 
mach; and here are both sides, the membranes 
covered with blood-vessels, which are the gills, two 
on each side. That is the general character oif the 
acephalae, to have the gills surrounding the alimen- 
tary canal, the liver and other organs which are in 
the centre of the animal ; and over these sometimes 
only one pair of gills ; over that, again, a skin, which 
lines the shell all over its internal surface, which 
has been called "the mantle." This arrangement 
of parts is the general structure of bivalves or ace- 
phalous mollusca. This "mantle" is sometimes 
open the whole length of the animal. So it is in 
the oyster. Perhaps there is no animal among the 
Mollusca so interesting in its structure as the oys- 
ter. [Here the learned Professor explained a dia- 
gram illustrative of the structure of the oyster, 
which, with the other diagrams, will be given 
hereafter.] 

Allow me a few minutes beyond the hour, which 
I see has now expired, in order to finish the de- 
scription of the acepheloB. (Applause.) 

The shells are not always symmetrical. Some- 
times that of the right-hand side is larger than that 
of the left-hand side, and vice versa. Sometimes 
the anterior and posterior extremities are equal, 
while the two sides are unequal. Sometimes, on 
the other hand, the two sides are equal and the 
extremities unequal, and in these differences we 
have characteristics by which a great number of 
these bivalves may be divided into families. It is 
important in the beginning to give them the same 
position when we desire to compare them. For 
instance, in some of them we have one valve con- 
vex and the other flat. Many naturalists have con- 
sidered these cases to present instances of a dorsal 
valve and a ventral valve. But when we examine 
the formation properly, it is easy to perceive that 
this is an error, and that what was called the dorsal 
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▼alve is nothing more than an exaggeration of this 
form which we see in tbe oyster, where one of the 
valves is deeper than the other and is flat. The 
only difference between tho terrebrachela is that 
in them the anterior and posterior margins are en- 
tirely symmetrical, and < nly the right-hand and 
left-hand sides are nneqnal. It is not so in the. 
oyster. It is important to understand this point. , 
Let ns take a symmetrical bivalve shell and be- 
gin with that. In that the right and left sides are 
easily known by the positions of both, by the 
appendages round the mouth and the symmetry of 
the valves. There are two equal valves — one on 
the right, the other on the left. Here is the mouth. 
Here is the back. Here is the foot by which the 
animal walks, protruding between the two valves. 
Here are the tubes by which the water enters. — 
You see that the anterior end of the animal is broad- 
er than the posterior, and in every respect it is ea- 
sy to see the proper position of such a shell. In 
the oyster these anterior and posterior ends are so 
irregular that we have no means to ascertain which 
is the anterior and which the posterior until we 
open the animal and discover tbe position of the 
mouth. There we see that the mouth is between 
the two shells here ; that the long diameter is the 
vertical diameter; that this is the right valve and 
that the left valve, the valves being unequal, one 
convex ; nd the other flat. But in the terrebrache- 
la we have the right-band valve convex and the 
left-hand valve flat, but the auterior and posterior 
edge cut precisely ia the same way — and thus the 
extremities are so precisely symmetrical that the 
blood-vessels which you see m the anterior and 



posterior half are distributed in the same manner, 
and that there are two hearts, anterior and posteri- 
or, so that if it was not for the position of the month 
and the direction of the alimentary canal, it would 
be impossible to ascertain that this was the anteri- 
or extremity and this the posterior extremity of 
the animal ; this the back and this the foot 

Another important peculiarity is this : that the 
mantle lobe which covered the internal portion of 
the shell leaves a deep impression on the shell, 
from the action of the muscular fibres by which it 
is attached to the shell ; and as there is a long tube 
by which the water is introduced between the 
valves in some of these animals, and which is re- 
tracted and introduced between the valves, a large 
sinus ii formed. Thus, on opening a shell, yoa 
can ascertain whether the animal to which it be- 
longed had this tube or not, by tho absence or ap- 
pearance of this sinus — the impression of taa 
tube. When the tube, or " siphon " as it is called, 
has been long, the impression is considerable ; when 
short, the sinus is not so marked. This difference 
is important, because in the examination of fossil 
shells, these impressions constitute the great test 
by which we ascertain the character of the animal 
which occupied them. It is In this way that an 
idea has been formed of the animals which occupied 
the fossil shells, almost as precise as if the animals 
themselves were before us. The only difficulty is 
to compare a sufficient number of types in order to 
become completely acquainted with all the varia- 
tions and relations of those parts, and to trace tjie 
analogy with accuracy and success. 
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The Anatomy of the Oyster.... The Ligament — The Mouth.... The Gills.... The Stomach, Liver, Ovary and 
Heart— Position of the Oyster.... The Fossil Bivalves.... Important considerations relative to the Symmetry of 
the Bivalves.... Order of Succession.... The various Groups of the Acephalse....The Shells of comparatively 
little Importance.... Changes in the Classification of the MoUusca and other Animals.... Tribute to the Labors of 
Cuvier. 



CLASSIFICATION OP THE MOLLUSCA. 

1 . . AcEPHELA (Without head.) 

1. liryozoa (Moss animals.) 

2. Tunxcata ( H aving a coat.) 

3. Brachiopoda (With feet like arms.) 

4. Monomyaria (With one muscle.) 

5. Dimyaria (With two muscles.) 

II.. Gasteropoda (Feet below the abdomen.) 

1. Phlebentera (With branched intestine.) 

2. Trochoidea (Trochus-like.) 

3. Buccinoidea ( Buccinium-like.) 

1. Pulmonata (With a6rial gills.) 

III.. Cephalopoda (Feet round the head.) 

1. Sipiodea (Squids.) 

2. NautUoidea (Nautilus-like.) 

3. Ammonitidea (Ammonites-like.) 



Ladies and Gentlemen : After having ^iven a 
general outline of the characteristics of Mollusca in 
the last Lecture, I proceeded to illustrate the peculi- 
arides of the first class of that group called acepha- 
l89. Then having entered into as many details as 
possible with regard to their structure, I alluded to 
the diflferent groups which belong to that claps, 
but as perhaps many or some of this audience mav 
wish to kno<^ how these facts are ascertained. I 
have brought here some of these animals in order 
to demonstrate in them the peculiarities of their 
organization. For, let me remind you that the ob- 
jects in Nature are not seen as you see them deline- 
ated in the diagrams. Id the diagrams the objects 
mnat be represented of larger size than natarid, 



and in strong outlines. Things are not so easily 
seen in Nature, and therefore I wish to show yoa 
in what manner we must proceed in order to see 
fbi ourselves the objects in nature, and how we are 
able to proceed in making new observations and 
comparing the types not yet understood. 

I have thus taken for example the oyster, as it if 
the most common of this order of animals. I have 
been told that there was some misanderstanding in 
the minds of some of my auditors, when I explained 
the difference between the oyster and the common 
bivalve shells. The misanderstanding was with 
respect to the shell which is concave, and arose from 
not attending to the manner in which the shells 
were held in the hand when demonstrating them. 
The two valves are united at one end by what ia 
called tbe ligament. It is an elastic substance, 
which contracts when the muscular power of the 
animal which closes the valve is relaxed. In order 
to open an oyster, particularly for anatomical in- 
vestigation, it is only necessary to pass a knife be- 
tween the valves on the back, near the projecting 
portion, where the two valves are united, so that 
the strong muscular portion of the animal, and 
which passes across tho whole body and fixes it- 
self to the valve, be divided. You see this dark 
spot in the centre of the valve. Here is the mus- 
cular portion, tough like meat; and the fibres of this 
part of the animal are transverse, running from one 
valve to the other. Now after the valve is re- 
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a Dftriaing importance. Webave, is 

■e with the btraive ahrlli. whirh bafs 

111— BKd hiTBOniy a niembraneoni ooT- 

„ to thia diffi^rence that tb* 

IB bai been divided into Che lollow- 




Fint.tha/J.>u.-<r. Tneie rcsuiuuie toe polni 

lurroun-itaby acireleofteiiiaclea. anl Ih-^d hara 

water. Wiihia tbii meznbraitein* coTcrJug aC tha 

the oyatir. Sjmitiaiea mBmbera of toil gnof 
have raloareoai Heat like the coral. ^ 

Next we biv« the T.i:.ieatn. Tmj hare men- 

J' the opening for Ihe introdcctioa o( ihe water to 
e giUi and ibe month. It ia tike an oyater w 

out abel'a, where Ihe akin ia entirely '- ' 

whole length of I 



intirel; anitad lb* 



ti(Ait. and of 

knrfrprade ihauthuae where thi 

tiprl; iwrfert. 

There la even ifniothing more. We have not 
oah- thevalTH nne.-.aal. but ibe anlcrior and imi- 
tertor extremities uni-ijaal. Tluii^h thrae vajr.'i 
we iiill oneipal. there ii dill an appniei'h lo a dil' 
Irrenre between tbe aulerior ar.d poaleriur exlrcm- 
Uie*. Tbe a«eri« eztremily cnrvei lorward. Ihoueh 
&e p.^irrii>r diwl lut jet extend backward. S ut 
Hie fari that there begiu to be an equa'iiy tbuwt 
Hiat these stand above lbat« where Ihe auierior 
MiJ rMteri<« exnemitiei are preelaely idectra!.— 
Kow sjiain. those which are lerrebiicte'a. which 
base tho auierior and posteriw ends [Tec is<:y ideu* 
&'a) and ihe valvea nneqnal, are the ^'deit. Thev 
fill the strata below ihe cval. acd in ihe i-oal. We 
bave ngl vet any of tV-«B wlik-h have onequal 
Talvea. wi:b anoiiMsI acierior and pesterior enda 
kr<,<ce we have caased the efivh of the coal. So 
wo see a gradation >4' the anioiala in each seriea, 
ceneepoDdiFi; prerisely with the order of sacfea. 
•tcu et axdai.sin llmo. Thna the great importance 
•fvBdeT*ta;i^in< tbesefaeta. which at £-11 appear 
lDWTal)t*!iT.si$BiAnuit Bnt. yon aee. when I ai- 
ICBi^ted c^sknr that there wsa s difereuce ia the 
utaaliveMraottbeaEimal in water, hew itstoAL 
IT Itf . I <x;fwMed the lawof ancceasion of ly pes. the 
Imt ii ;Ta.:ali3B of drgaaiisiioa from the eariieit 

■?;*a;a=.-« .-! f^^aaic ■i.'e op ta the presesi time. Then there ia the Bra. 
Otoxm li'tifietttypeanceiBmi-joedhsTeDcq ime^ssl. bnt ibe a!.te:' 
bee^ al ;w*i u die o=t. WebaTeiDalisiEeslate Qsuuincai. Hereis 
MreTal :TML:.-p.'<d*. bat *eiT itw. pcih^ one- tEiuals pmrade a I 
fftietf Ji^t wn>i;eEaEAer,£3'Cie ace^bal*. We neans ei BnathseDt. leeae a 
hare .finest HTa>«a aereatEsiaWT.bat itej be$in lie B3oa the dat Tai'e atia.^LsJ 
■ket tie =;3.Cetfecft^ehisc>I; ofeoreanh. ud wfc]ch psisea li-vcca a h.<e:= 
tt•~l:=^e:fs sKat iq^alu tbe tutLbfToT types ' it tbis rvpewl-.-^.a tl-eK.vlf.'sa:?. a-: 
■ew;.'-:^. X>->ii tbesyamttrualbivalreaare the tbe oa.^ ow. &ic=d is aarieni atraia. A.j i£< 
MM BESMKiu ^irae ia ou d*j •- aBd ibiao whkk I amt ana omI assM ia tbe Cniic^ 81UM eo 
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barruied bdA eudleia couroaioa be prodsced. 
iloitof the gaateropoda have the body covered 
' -ubihella; hot agreatDnraberofch^niBre aiked. 
I Here are aome very beantiful from tbeyirie^of 
their colora. Tbe aize Bad tbickneaa of [he abell 
vary very much. In some the ahell ia ao minattt 
■■■-' '- vera only « amgU portion of tbe i " " 






lEed in the akii^ 



tiie beginning, tbe termbaliaD of the plan waa eJ- 
mdy iketcbed oat. If it were otherwiae, then ii 
wooid be preoiiely like oce aiding down to write 
• book withont having formed his plan. Jf he does 
not know where ha is to go, how cm he ever come 
to an end? (Appkoao.) 



lywhaatbes ,, 

ahell cannot be coniidered as a vary important part 
of the animal. There are almost as man; of tha 
MollDBcadeatitiite of abella aa there are posaesasd 
of tbem. Again: all tboae withont sheila bad 
them when yoang. Ifthe sheU were of ■■ ereat 
Importance aa it ia genarally deemed by concholo- 
giata we wonid not see ao many of theae animate 
naked. Though very beentiful and diveraiGed, tha 
ahplla, then, are of comparatively little importanoa. 
Yet the ahella after all are not without their valaa 
in the atady of Nataral Biitory. for it is by mean* 
of tbem that we can atady the Mollnaca <ii ancient 
geological timea. In a foasil atate there have been 

„J . „-=.. ,f .1,... „,:_.l u.il. g^j 
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diBc. Then, aa it grows lai^r, the maalle «a- 
^Ba another layer, a larger Iner, aod another, 
another, each atill lai^er, andsothe shell gravn 
roportion aa the animal growa. Now in aeveral 
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which we have the mootb. 

In aome, on the contra^, the d 
■hort, and in ancb the probnacia { 
fliia reipect there ia a great variety 
•lao in tbe form and thape of the fool 



Again, in aome the mantle ia an broad that it will 
corer a portion of the ahell by folding itielf back, 
ward, tbii concealing the gieateat pottioD of tbe 



■hell, and wa haro 



where tbe foot ii of M 
aize wbpn n^mpari-d with the lize or tfai 

All tbcae diniirencca are imporant, aa i 
toanme of thrlD lliat cuORhi'Ing aw b>TI 




family ; haX 
they have been ao 'clatiilied by K> bi(;h an as- 
thorily in Nataral Hiilory that no one bia dued 
to alter Ihe claaaification. A Bwedlah NatDril- 
iat baa propoied a muditicatiDn of the claaaifio- 

aappoae that aa the inveatieatiun of Nataral His- 
tory proceedi, and freib diaeoveries are made, mod- 



r earlier naturaliila. 



LECTURE VI. 



larki Eiplaoala^ of tbe Leetvrn'a Vjev 
Sc ™n*"f lir»^tti» r'opid « Ml N a'"!-"!^" 






I,1D1E3 AVP Qkntlkhen :— Several qneatiooi . tnre chick ia hatched, i aacceaaion of change! 

which I entertain in regard lo the development of the chick and ita full growib ia called ile dtvelop- 

W^aoic life, and aome ohaervaliooa having been meot. and the chengea which anch an animal nnder- 

madewitb respect Co the tendeociea of tbe facta goea daring this time are ita metsoiorpboiei. Wa 

explain what 1 nodorataud, ia reference Co Ihe anc- to Ihe changea which weperceiveinthe bmieiay — 

ceaaion and develupmeut of organic life. in the caterpillar, where theierhaiigea are iacer- 

These wordi are conitantly aaed and aome. raptedand are very striking. Eveijbnrty know* 

. ,.., . _- -L... .1 — =.,- ■■---- bnltetfly isformedfromacaterpillar oot of 



eonrae have reference'' Thac cornea before. We 
will take lor illeatraClCEi^e chick. From the Cimp 
Wbeu the egg ii laid to the pericd when the m 



I egg. Thece 

chryaalia. It ia motionless and ao rcmska for ■ 
wi^ all iu brightaeii and vivacity of life. Now 
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tliese changes hare usaally heen called metamor- 1 
phosei , aUhongh not bo striking, nor interrupted in 
fach a manner as to form distinct ages in the life of 
the animal. They pass from one to another, and the 
early state ot the chick, for instance, is so dissimi- 
lar to the fall-grown chicken that no one recognizes 
them if they have a chance to compare them. Bat 
ii we can trace aJl the intermediate stages we find 
that they are connected in sach a manner that 
there is no intermption to the succession of these 
€hanges — and thas we do not in that case nsaally 
•peak of metamorphosis bat of development, and 
sach a development is also called the progress of 
an animid daring the different stages of the egg. 
In a metaphoric manner we are also accastomed 
to speak of metamorphoses in the Animal Kingdom 
through different ages of geological time. Every- 
body knows that the earliest Geology has been made 
fo clear that I suppose all know that the strata 
which form the crast of our globe contain a 
great number of fossil remains— remains of fossil 
beings in all classes of the Animal Kingdom — and 
when tracing the whole succession of these animals 
we find that the moat ancient strata — those which 
form the lower beds of this crust of the earth — are 
different from those, which are found in the interme- 
diate beds, and which difier again from those found 
in the uppermost beds. 

Now in this succession of strata and of animals 
through the whole range of geological epochs, we 
have what is considered a progress. We find that 
the types in all the lower beds resemble the lower 
types of the now living animals. For instance, I 
have mentioned that the Brachiopoda among the 
Mollusca are the most ancient acephala. We find 
among the vertebrated animals that fishes only are 
found in the lower beds. There are no reptiles, no 
birds, no mammalia, nor any of the higher classes 
of the Animal Kingdom. And here, again, we may 
Speak of a progress in the succession of types. We 
can speak, also, of a metamorphosis in the Animal 
Kingdom, but not in the same sense in which we 
speak of the metamorphosis of an animal ; because, 
when we have a butterfly arising from a caterpil- 
lar, then we have one and the same animal contin- 
ually living without interruption, and passing 
through successive changes ; while, when we speak 
of the metamorphoses of the Animal Kingdom of the 
different classes — when we speak, for instance, of 
the metamorphosis of the class of Acalepbae, and 
oonsider the Brachiopoda, Monomy aria and Dimya- ' 
ria as different stages of this metamorphosis, of 
coarse we would have here a succession of differ- 
ent types, different animals, unconnected mate-j 
rially — ^not the same living beings undergoing these ' 
changes, but a number of distinct individuals un- 
connected with each other, not derived from each 
other. Nevertheless, there is in their succession a 
great analogy — a striking analogy, with the changes, 
ime progress, the development observed in one and 
the same individual while growing from the q^% to 
the full size ; therefore, what we call metamorpho- 
sis, progress, development, in one sense, is entire- 
ly different firom that which we call b^ the same 
name in another case. In the succession of the 
changes of an individual, we have really a progress 
in one thing ; but we have in the other case a pro- 
cress of the plan — and a progress on a plan arising 
Ui a succession of species which do not descend 
firom each other — which. have never been derived 
from each other, as two different individuals of one 
and the same species are derived from each other 
through successive generations. 

Therefore we should never mistake these two 
things. In the one case we have individual suc- 
cessions of changes — in the other case we have a 
plan which is successively modiJied and where the 



progress is introduced by a series of species under- 
going changes independent from each other ; and 
in that view, in such a progress, such a ^ad<tioa 
only, in the plan, we recognize the mode in which 
this succession so introduced proceeds in different 
epochs. 

I make these observations in reference to soma 
remarks made and questions which agree with cer- 
tain pliilosophical views entertained in some quar- 
ters. Now, [ have not to teach Natural Philoso- 
phy, but to give a sketch of Natural History — of the 
Animal Kingdom ; but as a knowledge of the Ani- 
mal Kingdom has constantly a bearing on philo- 
sophical questions, of course vou cannot avoid ref- 
erence to them. But I would only make this dis- 
tinction, that in the case of the metamorphoses of 
individuals we have a series of phenomena arising 
from the fact, that the species has been called into 
existence witii the properties of undergoing suo- 
cessively these changes. But with the progress 
of species, as we find them in different geological 
strata, the question is : can we find in Nature ex- 
ternal causes which will produce these changes 7 
and, again, can we refer these successive appear- 
ances of diiOPerent types to the influences of external 
causes ? I say no; because, since Man has studied 
Nature he has never seen any species modified un- 
der external influences. The most ancient monu- 
ment whose mummies have been studied, shows 
animals quite identical with those who live in tiie 
same country now ; therefore we see, that as far as 
we can reach, the species which exist now have 
had the same characteristics which they have at 
this present day ; and, therefore, it would be illogi- 
cal to suppose that what does not occur for so long 
an amount of time has been the cause of all the va- 
rieties which we see in Nature. And again, the 
fact to which I alluded in the last Lecture, that such 
a vast variety of animals, living in the same cir- 
cumstances, in the same locality, and again animals 
of the very same types as we have in the different 
geological epochs, shows evidently that these ex- 
ternal circumstances are not the product—have not 
been made by external iijfluences — but have been 
arranged with the plan which was formed at the 
beginning, when the world and the organic beings 
were called into existence with the end of introdu- 
cing Man. (Applause.) 

These views — to which I shall recur when I comt 
to speak of the position of Man in Nature, and of 
his relations to the Animal Kingdom — disagree en- 
tirely with the views, and have not the slightest 
alliance with the views of a work which is very 
much spoken of, but which I consider entirely un- 
worthy of notice by any serious sceientific man — ^be- 
cause it is made up of old-fashioned views which 
have been brought before the notice of the public for 
half a century, by the French school, and are support- 
ed only by antiquated assertions, and by no means 
by facts scientifically ascertained. It must be owing 
to some particular circumstance that this work has 
been so much noticed, because really it is not wor- 
Ithy a critical examination by a serious scientifio 
man. 

Now, after this too tedious explanation, let mo 
come back to my proper subject, and 1 beg to b« 
allowed to go on regularly with the subject, as 
questions are firequently submitted in reference to 
Lectures already delivered, which really are not rel- 
evant or pertinent to the present object of our in- 
vestigations. In the proper place I should hare 
been led to speak of the points which have been 
the subject of this explanation, and the remarks 
just now made would with more propriety hart 
been introduced at the close of the Course, bad I 
not been asked so often to give my views in relt 
tion to these questions. (Applause.) 
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ao mu.h aiiii the variHtin^ii are of ■» little imror- (ll»r« the faluod ii carri.rt dirtclly to ll-e rea^- 

tannn tha- 1 rlr. „nt»,Nn'-e»natHtBlcla«siliii«inn rabwy oritina. The onlv .hffereiico, Ih.'n, between 

^_-, -^I'lmViB ediKVili'u that ihii ori<ati iikI tl>» pillx urtho cnmnmn MolluictU 

m Lrmtiplo. Yoatem*-ni- that the hlor-l.ve«iel» sro uiiittd wltli the veaaaU 

m- ■, r 1 menthiiiwl llie .rf^iba cavity, ami (lo not futm R lobe-lika Ireo (.p- 

If:. ,.. I I 'I'he alimentary The nanibur of ipeciei ia thia ^nnp ia Tei7 

^, " i i* 'listributf'l iu cooBiiterBble, There are aa many iiviriK ia th« 

K> I n munneriiiuitnr fcvali water ai thvre aro upon the dry land; but 
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from tba alimentary canal, and perfonna functioin Another groop ia that of (he Terrepadnt, not 

■LdIIbt to a blood veiiel. mentioned iu my diagram, becBule I couaider tha 
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Tided with sheila. There ia a circular opening in they have auch an affiatty with ao many other 

the ahdl, without the notch, and the animal ia quite groupa that they iho old be divided and placed 

■imilarto those which have a notcb^ and again, among the <ti Here nt familiea. What waa coniidei- 
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tancei, coDttiutl? erowiog ■■ the tnini&l growt 
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n of the ■hell, ihongh it fomiprly oconiiied 
;io partiiioDi, only when growing larger it 
loD anil Tiirmed putilions becweeaitielf uid 
^«e chamiiers. 

! aiphon which commanicBtei with the heart 
JBII a pruluugetion of the jiericardiam. Wo 
onlj; OLB genM 0' -'■ 
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■tiata to whicib the greateit ntunher <A Iheae ani 

Ihave JDit mentioned that in thli gronp we havi 
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well known. Thoagh found on theae ahorei^ 
rarely met with in a good condition for exami- 
jn. The lipboa paaaea throngb all tben parli- 

aiB Ibo only onea now liiing with chambered 
la ; and yon will perceire that it ia thi) asimal 
ch haa not limpts tentacles, bat bunches of ap- 
dBgeifonning maaies (imilai to the tentaclM 
thei diagrami. The itroctare of the giti* and 
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marked difference from the 

Spea the (hell ia rolled np. 
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ys when rolling up, and 
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an the lell hand side. I will illostrate thia by 



Ing on the lei 
• ougTanu; 




• rolled an inavery 

.-e the hack oolnde 

»nd Ae lower raeion below and Uie right and left 
I'lo'iJ aide are aymmetrical. 60 
I'-hat tbe cephalopoda which 
,ffllla up to iorm its ahell, rolla 
lead forward and back ont- 
, while the gasteropoda 
I m a different manner.— 
H^gain, in tlie gaatenpnda the 
■ ir of the shell la com- 
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jptialopoda, or 



nostofthem. Tber 
ided into nam 



jola as weU a« the uautil' 



cuttle Sab. The fact 



ural aymmetry of an animal having a loagitodinal 
diameter and two ayoimolrieal aides, sbowi STi- 
dently thattheir type is bigber than that. 

Now aU the cephalopoda loimd in a foaail alats 
below the coaL durmg Iha coal epoch— during tha 
aeriea of aecindary rocka— belong to thia group. 
They are aa nnmeiuus as the gasteropoda are m oar 
■eaa. In a living state we have only two types, 
bnt handreda and thooaanda of them are tbnnd in 
bU the ancient atrata, np to tbe moat recent depoa- 
ilB Ibrming tbe ontermoat bedi of the crost of tho 
earth. Thoie which have internal tbella hare also 
existed in former epochs, bnt not vwy late. They 
are only foond hi tbe oolitic beds , in Ihe sertei ot 
strata extremely esteoaive in the British Island! 
and Continent of Europe, bat (band in a very mdl- 
menlsry condition in this panof the world. They 
are well known in every part of Europe under Iha 
name of "devil's fingers." They have a conioal 
form, and inside of them a hc4law cone i and thii 
cone is divided into partiti'ins, and on one side it ig 
pTolongad in the brm of a flat disc. 
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LECTURE VIL 



rb« Articulated Animali... General Di vision into Worms, Insects and Crustacea.... Erron in the Classificahon of 
Animals....ResnlUof Recent Investigation.... Mistakes should be Corrected Curious Facts about the Barna- 
cles.... Gen- ral Structure of the Articulata.... Peculiarities of their Nervous System.... Discovery of Mr BIm- 
ehard.... Worms.... Great Variety of Form and Structure.... The Helinintlies or Intestinal Worms.... How do 
they com« to Exist in other Animals .'.... History of the Formation of Intestinal Worms. . . .Curious Discovenea 
... .The Theory of Spontaneous Generation Exploded.... Explanation of the Phenomenon of Red Snow. 



CLASSIFICATION OF THE ARTICULATA. 

I. .TsKMCB (Worms.) 

1. Htlmintkes (Intestinal Worms.) 

3. Apodn (With feet.) 

3. Ckttopvda, (With feet like hairi.) 

4. DorayhrmncHiata ..(Gills on the back.) 

5. Tuk%dikiw\ch%mta ,{Qiy\M like tubes.) 

1I..I1V8CCTA (Insects.) 

1. Armeknoidm (Spiders) 

2. aw:torim (Suckers) 

3. Mandihulmta (With Jaws.) 

HI.. Crustacea (Crustaceans.) 

1. Pmrtukm (Parasites.) 

2. EnUvMstrotM (With articulated olaws.) 

S. MiUaoottrocm (With calcareous claws.) 

Ladiis and Gentlemen : — The •abject of the 
Lecture tiiic eveniog will be the stnictare of the 
Articulated iinimali in general and of the womii in 
particular. 

The general itmctare of thii order of animalfl if 
well known. The bodies of these animals are per- 
fectly symtnetrical. The two sides are eqaai. — 
We have no longer here any snch differences be- 
tween the right and left hand sides as we have 
among the MoUasca, or anything similar to the ra- 
diated stractare of the lowest type of the Animal 
Kingdom. The Crastacea only show in their limbs — 
in their olaws — sach a difference. In them we see 
freqaently one of the claws mach longer than the 
other. 

Bat it if well known to what circamstances 
tfaif difference is owing. The Crastacea freqaently 
lofe the claws and these limbs are reprodaced, bat 
mfually of diminished size. When the animal does 
Bot meet \fith sach an accident, the claws continae 
of the same size, and this accidental disparity is 
stin farther illastrated by the fact that sometimes it 
if the left and sometimes the right claw which is 
■mailer than the other. This shows that the differ- 
aace in size is not a characteristic of the type. 

I propose to divide the Articalated animals into 
•oly three classes — the Wormt^ the Imects, and the 
Crtutcteem. 

This type has always heretofore been divided into 
a great namber of classes, and even some classes 
have been left oat of the Articulata, which I think 
roally belong to that division, and here, in this oon- 
section, I design to make a few critical remarks 
am the general classification of animals as we find 
tiiem in the most recent works on Nataral History. 
Thifl classification has not kept pace with the pro- 
gress of oar knowledge. Oar text-books do not 
(ive the results of recent investigation and discov- 
ery. I would refer to the best of the classifica- 
tiOBf, not perhaps the most recent, but the most 
extensive — that contained in the great work 
ef Cavier on the Animal Kingdom. That 
if the greatest work on Nataral History ; not 
T€trj voTaminoas, in five octavo volames, in which 
the celebrated author has given the general char- 
acteristics of all the principal t\ pes of the Animal 
Kingdom, and for the first time classified them ac- 
•ording to their organization. It was Cavier who 
fcr the first time divided the Animal Kingdom into 
firar types — who recognized four different modes 
•f arrangement in the stractare of animals, and 
tkat there was not a simple gradation from the low- 



er to the highest animals. When he divided the 
Animal Kingdom into those four groups, he desig- 
nated those groups by a very happy name for 
which I cannot find an En^tlish term sufficiently ex- 

S licit. He called these divisions embranchmentf. 
ly this he conveyed the idea in a felicitous man- 
oer that the groups of the Animal Kingdom did 
leitherform a single series nor parallel lines, bat a 
complicated grouping of individuals connected to- 
irether by affinities in a similar way as the branchee 
of a tree, forming groups with very natural propor- 
iioBs, though not divisible into families of equal 
value. The groups we may call types — great di- 
visions of the Animal Kingdom. For want of a bet- 
ter name, some have proposed the term " depart- 
ments." Thus you see, if I am correct, that we 
have not in the English language any term which 
conveys the idea so happily as that employed by 
Cuvier. 

When Cavier divided the Animal Kingdom into 
these four groups, some of the groups had not yet 
been studied anatomically as fully as they since 
have been studied, and therefore it is not to be 
wondered at that that illustrious naturalist intro- 
duced into several of these groups animals wbioh 
did not properly belong to them— that have only an 
external likeness — which are analogoxu to tbeniy 
bat not really identical in their structure. For in- 
stance, in the group of Radiata, to which I refer 
only three classes. — the polyps, the acephala, and 
the echinodermata, — Cuvier had five classes, one 
of them being the class of intestinal worms— 
the HflmintMs — and the Ii^soria, a clasa 
which, I think, must be entirely broken up, and 
does not form a natural group, but contains ani- 
mals of very different structure, and which have 
been combined together as a class only in conse- 
quence of their minute size. That is the only 
characteristic which they have in common, bat 
their structure is not such as to justify this union in 
one class, nor to justify their admission as a nataral 
group among the Radiata. 

Cuvier, Lamaro and other eminent naturalists 
were induced to maintain the class of Infusoria, in 
•onsequence of the generd arrangement of vibra- 
tory cilia around the mouth, presenting the form of 
a circular disc vibrating round the mouth, and giT- 
ing these animals an appearance of radiated strao- 
ture like some of the polypi. But on examining 
the bodies of these animals, it has been found that 
there are transverse divisions io these animalf. 
Some of the infusoria have been found to agree fo 
fully with articulated animals that nobody now 
doubts the proprie^ of combining at least the ao- 
called Rotifera with the crctstaoeous animals. Oth- 
ers are worm-like, and belong more properly to the 
Vermes than any other group, and we know that 
many of the so-called infusoria are merely germs of 
plants which have been mist^en for animals ; and 
germs of different other animals which have been 
mistaken for full-grown animiUs. Thus it has been 
iiscovered recently that organizations which have 
been regarded as independent animals, and as such 
have been placed among the infusoria, are really 
the young of certain Mollusca—certain gasteropo- 
dous moliusca. 
Now such mif takef fhoold be corrected. When 
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Then again, certain cnutaces, which had been 
diitioguiihed ai ■ pu-ticnlar clasi, mnit now he 
combined nitb tbe tme croitacea. It will pechapi 
appear aingnlar (hat the fo/ani— there ia a com- 
mon Engllah term fut them, which now etcapea 
me— ah 1 1 recollect it, the "bamaclea"— iboold W 
long to the Articulata. They have been placed 
among the ahella. Bnt that claiaification waaerro- 
' ' ' ii perhaps ODe of the moat on ex- 
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of the barnacle), in hit mamairoa the StmciDre i 
Molloica, and ba conaidcred all barnaclei aa tru 

■track by the complicated nerroaa ayatem of thei 

of that Cma diatinctiaa between the Molloica an 
Articulata, He fognd that the ganglia were moi 
namarona in bamaclea than in Mollnaca, whei 
there ia only a large ganglion abovo, and another i 
two below the alimentary canal ; while in the ba 
naclea we find that below the alimentary can 
there are aeieral ganglia, and whe 
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greater nDiaber of other articnlaled animali, it waa 
iDDod that thia very great peculiarity coaalitutcd 
the moat atrihing difference between them. From 
that time it waa aulpccted that, t&on)|h the barna- 
elea wereinpplied wiUi ahella, they mi^ht yet be 
long to the articalated animala. A Britiah natoral- 
l«t — Mr. Thompaon of Cork — when engaged ia the 
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likearterie»«ndihealioient!ryfluidruunlngtl.rr.i.gli 
tbe Tcaaeli like bloi>d, lo the periphery. Seieral 
ate to he fonnd in thii n«ighbarlia»il in poarii and 
liialBta, aomeof them being very baiutilul. IfUicy 



1 coold hare had the plea 



eral aliT< 



will interest in the hiebest dcKree all who take ihi 

nnder atones in Itcih water. Their form ia'lhat a 
the leech, and they are omally mistaken for lee'-h- 
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typ* ot aiticolata, and if it were not for the atrac. 
tH« of tta« DtTTou fyitam thaaa doabti would 




lature of the tiisnes of the hod; that 

ttinni are ao (lightly marked. Th* 

leech beloDgs lo this type. It 

laa a straight alimentary tnb* 

ind alao iari^e jawi armed with 

'.Beth. Borne have two jawj^ 

1 third, and thmfl 

la bite ma^ei atriangataroat 

I the akin of the animal on 

hich tbsy fasten. The aU- 

lentary canal, now and than, 

lows dilatations, and tbetedi' 

tations correspond to tb* ix~ 

onlstbns of the body. Thara 

one point in the itrnctnn x>l 

be considerad ; it is thii : tbkt 

irae riilges on the skia ii not 

adence with the aomber at 

iBre are in aareral ipecloB 

■ S 



them, and p 






Bmt 



that aaiiie of Ibem 
mure prominent t 
others. Three or fon 






i( by the motion'of thesi 



idtheiearelhe rndioieDtB 






provided 


with feeC 


Ying 


nth 


■ea.an 


the 


sehava 




ppendsg 


swb! ha 




dw 


thiitti* 




eoua cell! 


in which 


blood-i-e 


•els 


ramifj 




ke gill.. 


Thes 




Tm4 lie b 




tntha 






nanle 








tarbed. 


Somesw 


m freely o 


□ tbe 


orf 


£0 of the 




Bom» 


fthema 




lyhe. 




landei 




:&' 




color. M 


aay, h 




Ter, are v 


ery 


The prin. 


Ipat and 


most 


nterestmn p 


int 


ID thelE 


ilractore 


a Ihatth 






ne rinj;. 


which >ra 



.fappenaigei. in ma upper regioi 
ally blood-Tesiels ramified and fori 
lal Bill ^nt-n-HnB toward the bai 




.ironger and arti 


niaied ernu 


JuDietimes there 


are two aaoh 


ireshea of hair, oi 


e aba<e and 


he other below 


he giila. Ik 


Jiia respect the w 


»!n'tf'^^ 


the position of th 


n-t the same in t 


«o speeiea trf 


og to these diffe 


enea. tnd to 


nt^C of their 


tinstare, th* 


usiionaafhlBhliitereit Tw 



iaitance, wa e«D «»• til poiilble trunitionf 
tween inch t complete gill itindinft out >ru< fi 
ing piddlea or rest, and a more tiD)p1e •Cmc 
Whtcb i> obierred in olheM wbate there i> ■ 
of bladder iiudiDs out witb ■ few blood-reii 
•ad thsMe htva lome taiiri ilioiuadiagout il 
•nd below thiiTeiicle. Nowwben we eiaiou 

UttlB rtficle, the remnut of tba largi one. w 
hu dimiouhed in proportion u the blood vei 

which hivB luob gilli aad lach itiff hairs u or 
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placed in two leriea 



plicated. Many of tl 
of land, b; meant of i 
takeainputicleiofBai 

Su a lulid tube ii fori 
li togetber fragpianta 



> of wan 



e appro 



ihof u 



mC T^lmli^aiuMaia. Bometimei 
haT* bird calcareoDi tabet. In 
oaiei the tube Ll membrannnni ! 
hare Ctabea fermed 
partidel of 
JiffereD t els 

If ibU WBtB UIB UUUJ UliiCDII.L 

would bare hers oiJ j itiff bair( 



I atill more com. 
tel'E&l 

iB 




Tbe diitinctio 
lei il Iliat the bod; I 
itooly npon the ant 



, row larger. The eya alio dmappean, nu^ m ke 
place thu>e Ian); teatacleibat[la to gcow, and it Ij 
witb tbe teutacte* that tbeanimal mova* and feelt 
it! poiitloD when it baa loat ita light. 

1 recently nade tbe anaxpeoted diicorery Uiat 
tlieae animali when joong are highly pboiphorei- 
eeut. While eiamioiag oae of tbeie animal) not 

cope.an thsiatiDdactionofiTraporalaoholinto tba 
water, I perceiied that tha animal contnicted and 
that light wu produced. I thua perceiTed diitinct- 
1; tbattbeaa animala are pboaphareacent. I had 



phoapboreacent. and feared that tbe light tnigbt 
baTe been prodnced b; their baring fixed tbem- 




a'>lood.veeiel> exieiiaive 
lifyingi at aa many p 
'ancb complicated gilli i 
BTB ringa, of pecaliar form, behind the head; ai 
hers the head aaiTOaiided with appeadagea ot 
t extraordinary klod : - 




■(Applinae)— thongh, aa 1 remarked 
ictnre, there are lariDna caaaea which 

ecta ia the moat numerona of ali 
tbe Animal Kia^dam. Tbcreaie cer- 
u aiity and eighty thootand apeciea 
■A hy Datnraliiti, and more thao fortv 

' ' ■ .TBrecei.^ednao,e,. VTa 

the aggregate nnmber of 



1 be a taak extending far Iteyond the 

iHne myself to the illaatratiaa of some ot 
trikios phenomena: tba melamorphoseg 

I of grtndin|( tbe food — and the ilrDctois 
ga which exiit ia moat of them. 
as they aro characterized by the strae- 
_ .. . lirreipiratoryorgani, which are air-tabel 

opeaing oalaide at tba lower portion, or rather at 
the lateral portion, of tbe wing, and commanicstine 
with axteniiTe tobei branching in the inteticr (d 



tirelyfuldedlooka like aBat ribbon. It ia 
two ribbona folded into one, and when opeii 
■oimal walki in a way (imilar to ^e motion 



gnlai and intetasting. When young theae worm* 
are qoite uniform t all the ringa bave preciaely tbe 
wme BppeiraDce, and there is a aimple gill comiog 
ost from every ring. In fact, it ia not a ring prop- 
_erly tpeakiog. " "-' ^ 



What ij most pecnliar to luiecta, h 

fact that they nndergo eitenaive cl 

of their growth. "' 



'er.litba 
in tba 
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ThahemdofUie 




been mide 
anmmoliwHtg 

Where there we bird wingBeoi 
ODi wioRi, u in ttae beecLe, the i 
emileil Cdtoptera. They ere tbi 
■nd of thom tha creetest onmber heve baeu Je- 
■oribed. When ihe external wingi etostrMpht 
ud hard end the lower vnaga ere els>< itraljiht. i 
b net *i> h*rd, thev bave 
aameAtMhopttm. Gras). 
Ilhopper. be!(in« t.i tliil ctiue. 
■ WhcD onlv tho btso .>rOie up- 



iuy pivB 


,„ fully .11 th.-. 


IH^Hf^H 


ictxiii tb 


li-.ii< MO 








riotoUi 






al lonaFh 








1 wil! o 


Illy add * 


few rr 




mei^aou 


iL m.t 


morpli 




see of ii 




& shov, 




whit evi 




bave fo, 




iho lyire 

thavjtie 


matio ar 


ang-niB 


VS.D-2S 


f dilfcre 


t typ^a 


Tlie e.te. 


i'larofi 




■omrmiedofaiorieaBf 


riag. wh 


:b are q 


itB aniform. The three antelt- 


or paira V. 


vefet.> 


1 pecol 


>r.tractare,wbiclian 


terminate 


by book 


..andth 


sethr«ep&inoffao<>ki 


ur fe»t CD 




K) tbe t 


r<.e Hnir. whinh wiU 


Ibrm tbs 


hraai i 


th<^H 




perfect In 


BCt Tl. 


s..| 




eiiU>, aiehtb, uLnl 
eolh rinfT* have 


oC^BSB^^^ 


feel of »r' 




n liken 




ncker.- 


.pmbran 






<f.t>t of to 




-and Di 


«11y the laat ring hai 


til] a p« 


r tomed 


backwa 


d. Now the aerrou 


yalem, R 




obe .lid 


all the orgsna of reipi- 


lotion are 


erfccrly 


BmEirm i 


a all the rioga. Tbore 




t of loch 



It tbe »t. 

. _ . ia vcnr iimiiar to ttaat of 

The Blitaentary tabe ia adoiplembe 

elline in the rc^ioD where the borar 

i.amlqDiceanlfurm tor tlie whole length 

rccclDgect. wfaerswa 

ire tbe bead well U- 

led, Ihe ttaaru dl» 



I anged inaitDlbrtu anctwc 

Ian in thedrapin-Hy. thev hi 

■.\ tleaTip-cra, When the wiliK« can 



folded Inngii 


dieaWandtran. 


they bavo b 


OD called Hemi}: 




only two pair.; 


wiopra ei;iM 


they nto eolk. 


Dipt>ni. Yim 


.ecIha«.caro 


1y time to m 


ei^tion the fitndo 


menial pr'nc 


ilea oftheclBB- 


fleafinn. It wonld be interest 


ii>KtOPr,t"r 


l,t<. detaila ahoi- 


tiie itrnclnra 


of th-.e wiD^. 


but it iB »□ 


p,«lbla in th' 


UnillioriMa 


ojnne. Anotho 






B we aee agaio Ibii diiTeri 
rf the ringa come logBiher 

rtefe.lhnniihii-.mbinitiitheioiiJameotal diatinction 

see uvi'leiico that aach InBCCU with defined and 
' ■ body muat he considared 




klf, Where wo bave bere little bain, haiea 
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bnuwUng bhxid' vsmcI— bar* 

s 

Oumi 



'wicte witfa TMaela IpsadBgeil 

he wbols lerlH of | ent ippcni 

la tbs typs nf utioalaCed uimili theiune t 



«yon I 



Q only in m higher ud mon 

i»«don the blood-TcBioliiwen .™_uu. u> ™„™» > 

I « not « tuelew pUjlogwith (ornii to make „, puMilas »nd Fi 

iDilogies. I will tike my emmple ftiUB to [hsnuelioi to .lis a 

actntl ipeclea. Wehavelnthe airth wonn.iimplj ! ,i,ia u,d Eal of fiih^i 

■tiffhlin MorgunoriocomatiDQ, Brticalkled lithe i^ theis cams ijl 

bu*. WohtT8iiini«riyofthom«rmewDnnathoie j»w< »iid'«nteri6, nwi 

balrs not only utkaUted at ths hue, bat alio nf ,ug r.., nnitF |,„., 

Mtiiraliteduiome dlituce from the bue. "'- ^ 
iMTe tfatt. for inituice. amoDf tha Apkroditc 




uice. Tlieie appendagsi, tbeie •> 

trior portion of tha feel 
haie psTMlCei ia exti . 
They ue free-niD*iDK ioifcti wben yoang, but mf- 
terwud become flsed. ud Diumlly gniw <o ■ mon- 
- ■ ■ :buge entirely their ■hapB.KitAt 

itly miitUeu for other uiimtli. — 




third pair aril) isara (lender. Then oome three 
otberpiira more c.mplicsted. So wah«»e»ie- 
riea r( appendBRpa from the tail to the uterka ex- 
tremity of the head. In the poaterior extremity 
tbey are paddlea. by which the uimBl iwimi. In 
the till they are Sat appendages ; In the thorn 

ektreniity of thoheid, aiipendage* by which the 
urimala tonch thair food, and the fint of theae ap' 



contrary, we have otber typea, in which the i 
rior region ii yny moch complicated, while the tail 
ia abort and curved on the body. Thia ii the cue 
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LECTURE IX. 



Aqlmmii!.'..SiiiiiHiilaDaf riitlH, {Mplilu, Blldl >nd UudduUi, uj in Ox lut apQch imljoDD tjpt— Mu, vlw 



a QinTLEKin : Thii 



The TartabnMd uiinul*, th* higher 
the Aaimml KiDKdoiD, dre chiruterized, i 
tiramdj auted b; itrikliig differencM. 
■entiil orgmns— Che aerrcni lyiteu, re 
thebrun uid ipintl marrow; uid the i 
TagiUtlre life, the iioiaicfa, Iha >lioi>;Dii 
Che Innn, bettt ind blood Teiiela, tie cni 



IK poatBrior caiity, uaairiling to the p-.Bitiim nftln- 
aaimd, (.nd chiiUtCsr, the organa of reccLntivd lii'u. 
byarbich the aiiimi] liiaa, in the loirer'iir bmIitiw 
ctTilv. Theae two caiitiei ue ibrmeil hy hMiet— 
kieriua or booeacaJled the back-bone. Iiitvinj,' ap- 

Sendagei carired upward aad onilbg :in tlie hack, 
irmingthe CBvilj' which contaiDa lOC! npiDal mnj- 
n>w. Other appaadagea are tamed downward, 

the aott walla ol the aptmai, farming a l^u-er cavity 
in which the ahmentary caaal, the laiib'B, the heart 
and other viacera are contaiaad. 

In tneae three ikeletoni on the wall yon may 
■ee theaa general traita or the lertebraia, jnat aa 
well aa in any of the higher claMes. Yuu aue that 

prided in iti whole length and ucit divided 
by traiuTene articdatiani. Few li^hea have 
■oehan nodi Tided TerCebral col amn. TIi,>ih belong 
to a peoaliar claaa to which I itaall uirii r.-1'Hr. linn. 
•rally the Terlebi-aled animala 



bemad of di 



whan Iha 



laieannndiridedfert 
liacence of tha condil 
alwaain cheejgand 
oolomn wai merely a oamlaguiona ai 
■ailed doraal cord, which ia the foBi 
Teitebral colgmn in tha new Individa 
young within the egg ; and thi« vert 
remuna aoft in maay Sihea, and in 
'le cqpaidi 



ach other, 
of tbmg. 



tfaeiifall-^SWniC 



lecoliai 



gard aa of high importance 



UblCintfaeirTartebralco ,.. 

alUa of thingi ai eiliCed in the Si 
wjdunthe agg. 
The flnt Hung which ii parcelTed in 






liarit 


e> in the iEni> 
















a 




It appear* to b« of little 


valae 


bnlimooeof 



tba moat atriking □harDcteriiiica of Uiii olua, tiiat 
■11 are perfectly hnr^ioolal— all awim horlzoataliy. 
There la a Inngitndinal diameter, rnnning from tba 
head to the tail, whlob ii perTc-tly atraight Now 
yon will find thst io any of IbD other verte- 
the frog! and 




tbe name of donal cord. That 

datioD of the backbaDOOrTertebra] column. 
It ia certainly cartJIaginODf in the em bryo, 
and temaina ao in the ilnrgsan and in aeve 
ralcartilaginoaafiiheai and Chli ia, moat ex- 
traordinaiy to a>y, the natoral and anifumi 
oondittiHi of >U Bahaa of ancient ^pea. Jo 
tha vuda&t Rlnta— In ft* itrata bolew the 




d thB.e ri 

in iho Ma 


nmaha, Thay 


■a 
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aStbt IrapreisioD that it did. la Ibii ro 
Ui roptilinn Eih, with thii peosliar uticu 
rftha vertebrs, hu ths ficull; of moTing iu 
iftt and letb-^oqgh the neck ii not divided 
Ifaere ii no diviBian, tbs head can be tnoroi: 

y- 

Imc pecnlitrity or fiihei ia Ibnnd in the Gni 
1 gf /e^, these imimali hive Udi of ■ peca 
id, which iorve tba parpose« oforgam of lo 
m. The orguii of locooiotioD in ^irdi ind ii 
loooiigt (if > fewjoiats. There ia the iboD 



Ifcre 


>ri<l;b 


t the bone 


^ered 


enched fni 


f.otth 


Lhehs 


nd depend 


Mfwt 




IWtt( 


aths 


»Uofthe> 


mmti,B 


dthBHngf 




iaateidof belne 


educed 


lo the nnn 


.T* U 


in the 




higher 


.Grtebrai, 


i. N 


neoftl 


e higher 




ed «niDial 


le,lui 


bird, 


o mamtnsl hu mo 


a than fiv 


. the 




sny wUith 




y two. til re 


angen^inb 


r.esthero 


. only 




dlof 




^le finger 


lufi. 




■ty. 




.f being tB 


daeedte 


the nnmbe 


tt» 


ln«eni 






nniled i«B 


liDta. 


Ijuil 






tec uima 




Enecr. 




htno 


n and iboT 


ntifkj Bd«pt 




human 


»d. lour 


:hi* 


bs.eo 


LyroarHn 


ger.. th 





islhomb! tbcD; in the i 






:i*Iheni 
«. Thni, 



ckw«rd, 

1 fiTiKen.ttid which even 
I. WbereenlyonehiiEer 
ir,iDdIhUiithBCMein 



< Biihel have otlier fins. Iwilljget 
.e«. First: there i« the peclocaJ fin, 
n thecbeit; thentbc abdoniina! 



fin, on the ahdamen— nintlly pUced on the centra ol 
that CBviCy, hat in lome we have the abdomint] 
fin JDBt belew the pectoral, and in them it ia eveQ 
■ ~ ■ ■ in the cod, k' 




cnlly 




1,1,11 J iippfnilasea. 




niHithHVflncbrBlcDlun 


a AcGor.liiig to the 


].ositi 








The one on ' the back ia called tbe donal 


En-t 


at below the tail, the 


aoalGn-that at the 




ation of the Uil, the eandal fin. 


These fina vary very mnch 


n their form and even 


in the 


r QQDiber Sometimea the doraal, candsl and 


analfii 


a are amtcd into one c 


ontinoona fin, begin- 


:r 


the neck and continu 


ng till il terminatea 




n the eel This con- 


ditl™ 


nffinwefindineveiye 


mbryotic Ssh at the 




ngof iti formation m 


ha egg. All theas 




contiaoonafifl.Aathe6 


harowa, more or leas 


denta 


cna are to be aaen. and the flaa at lenfrth di- 


vide, as we see them in the fu 


U-grewnfish. 


Bnt 


what is moat eitr.ord 


nary is, that yonng 


Gshea 


ave the vertebral col 


ma not termuatitw 
re,withar^arbr 
ily seen in iiill-gtown 


n a aftaight line, u you lee h 
obed medial &n. That is on 


B.h«a. 


Yonne Eahes alwiya h 




the vertebral colnnin termii.al 




in the 


following manner; ' 




while- 


ah, common in Lake 




E^r'a 


and other NortbernLak 




medial fin as deeply em 




ginate 


as this. We have <>n 


iriciiL-riMsi Lakrs 


qailea 


milarioihewhite-flah 


ftheaeLakeai and, 


!u)eed 


it cannot be readily d 






nnleaa by Ihoie wbo h 


ave made Zoiilogy a 


very a 


rion. study. In this 


fiah 1 had tbe chance 


ofeiaminingtheegir, andof 


'racing the ancceaive 






cl.UDR^s which occnr 






ihcrs: I Donld ob- 






serve in the yonng 






fishes tbe following 






mtlinc : Linea be- 


>oi.e 


■■■I 


.-mning here and ei- 
leoding M aU roimd 
Che aoieial, (he back- 


entre 






of the 


ertebralcolBmn. Now 


when the fish growi 


arger 




ip^2^- 




more pmmLnent, and al 




it ehangei u, r;,rn, 








-S^S^B 


Ba',0 


"only th«"i'i'^'=^""r', 
uwiirea.ilyi.,.r,,.iv,:i 


°-Sk 


eadiiy 


it may be d.n„i>f<j. 


■'KSm 



hot 


in many other Sahe 


-inf«:t 


among aU thoaa 


bon 


yfiiheawboaeyonn 


have been 


obaerved wilhb 


he 


egg.. Now wo -ill. 


e that tba 


samefivmoftall 



ia aeen in theaa bony fiahea of ancient typaa- AU 
fiataea in the coal and below the ooil, whiidi have • 
bony skeleton, have loali a tendnttioD of tte tail; 
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.^ I, in Iha intenne- ' 

or auiiuali, Ui(t VB find 



aadit U only iatlie Boaniduy, 

tb* UifhecomiDg more wid mora reguiar- In ™« of 
mydrawiogBhere lt)ere fHODLvKiliglitobliqnitfleFc 
Itilieihfnim the chalk. Among the SaheBofuqr 
dap we have obW the itDrgean which ha.! thiscar- 
lilaginoui lertehral cdlomn, and in the Ciibs of 
, cutJlaAiiiona flab U targe, Ibcwa whole ikelaton 
Deier Eecam«a ban; — Che ibu-ki and akatei — we 
haia ilao that iiTBgalar proloDgaCioa of the lerte- 

B,^ It ia a matter arinrpriia eveo now, mdofooniie 
wai mora iDrpriiiiiR when fiiit diicovered, that 
there aboold be iDOib a iirict omeipoadeDCe be- 
twean the farm of ancient fiihei, which alone poi- 
■eaaedtha walera of former day*, andthe changea 
- on in aU the yoang Bibea 
change! correipond pre- 
clael; to the order of lucceition of fiahei In geolog- 
ical epocha, 10 mncbio, Ihatmoie than once I have 
been able from Ibii to eatabUih tha apeciea and 
. eren tha geological apocb to which foiiil liib be- 
. loDg- In thii coaBlry there ia a fall leriei of itra- 
ta. cootainina foiail fubei which all ahow in their 



thoia with 

and then be had m another 

fi atuin. thoagh 
atoral and doaa 
he; are really 
■ad b; Cuviei, 




edally ai tijey differed ae campletely 

Recent enntomical InTesticatiani have led sTen 

niR who at drat ridiculed this mi>de of claaailca- 

adopt it thciuselvea. Johai^ncs Muller, Ibr 

e, of Berlin, nho at lint laughed at thil 

ignlardea^uBmadoii, as he waa pleued to toni 
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it ha* hiniielf ackiiowlodKed that it «™ the moit tbat I will ihow how pOMiWe, snd indeed bow 
fortoiiBte bit 1 made in Ichthyology. (Applanie.) eii; it was Ibr an; one who took the troable fint to 
BTery animal ii canilaginona at Uis bepniiing. inveitiRate Iheie relaliooi. I have ahown how the 
ETBn bioie animali which bare the hardeit bonei different modiflcationl of Ibe itmctore of [he head- 
bare a cirtilaeinoai abeleton in the embrjotic honei are relatedlo the itmctareof tfaeGoa acdtho 
■tite. It ii ool; al a lalec period of life that the; ■tmcCure of the icalei. I will not try eonr pa- 
become bonj. That, then, aare me the baaia for tiance by EoingintodatailB, bnti wiilonlyshowyon 
a claaiiScaCion, and I think that <rom that time I how euy tt wai, &om the knowledge ol theie re- 
made mora rapid prai!Teii than before in Ichlhyol- UtionB of the icalea to other portion! of tha animal. 
o^. After I had aicerlained theie aoaloglea I lo give the probable andapproiimatiiBoiitlineof a 
went on, and found that iharka always had acaJei Bah when yon have had only a flingle scale aa a 
of a peculiar ebaraeler, formed only of enamel with- starting point. (Applaosc] Let me draw a scale, 
oat bony sabscance below. AU tlmse protnber- A great many fbasil fishes have angnlar scales of 
mnoes oa the akin of the skates are of enamel, but thi» obliqae form . That portion whiiji is here ea- 

.. V .^. — .J i_ . 1. — ^ baais, m^gm^jtm^ „gj I, eugmej ig covered by a 

L among ^^^^^M^Hmale which proceeds so that 1 am 

Iposiled ^^^■BB^B^'i'wed to draw my ontlinos of 

..» r one ^^^BH'ncrely Df tiiB enameled portiona 

typ« m which the scales are sirnple lavera with ^^k^^^^^Bwithontdrawing theportion which 

Mcnlaroatlines; and another ir^^^^gH^^ ^■■■■■Pu covered. I will ma\e the scale 

Vbioh the scales had dentatec ^^H^B^H of a ,izg which will enable me to give the 

«<diaw, Bo that everyone hac^HB^n^H wbole thiog on the board. Let that, then, be the 

tMUtJDit* pocterioredge. an'^H|HB|^B ontlineof the loale. How we know that therv are 

OlM u the scale grew larger ^B^^HH^B osDally Ibrty, Hfty or sixty scales in one longitadl- 

Ams dentationa became <°°"^^^HH^^H nai sgriei fromthebead tothetail. Weksowthat 

-Mamsroaa.andtbeiiirfacaofthr^^B^HMIH Gab es which are about ai thick as long have thea* 

■ori»b«»megradaally rougher auarougHer. Now ,|.^e, higher than they are long; and thatthoae 

we biTB that in the perch. The mere tonob of that whioh are longer have their scales longer than they 

fiab diiODVen tliii peculiarity, while the fishea irehigb. Theaearepreliminaryfectseaiilyobttln- 

Wboieanrfacaia smooth have the laalea ibrmed in ed by mvestigation. We now find a scale which ij 

■iinpla layen. about as long as it is high. Yon see then what in 

A dBgnlar odneidenee ia this, that flahei. with easytaak it is todrawscalesofabanttheiameform, 

Ibw •zcapHoBa, which bavs snoh dentatlonB on the perhaps forty in that line, and you will have to 

ntnliiT margins, are jntt, those whioh have the make a fiah aboni as high u it is long. Yoo U 

bud boajr Bpinea on the anterior portion or the dot- once draw your ootline and when plarang yonr 

ndUli^ tnd more thftnlfaaVttieWtiaoTVnerirt] till acales you will find that they Et eanly, and von 

■nnethbg uni te charaetaristic. draw them with an much precision aa if yon had 

Herewehavi^^^^^^^^^^^^^^^^^^B the living model befbre yon. Bnt yon ha«e now 

a ban; platr^H^^^^V^^^^^^^^H got a Gab witiiont Bna 1 The qneMion ia where are 

whiob co.er>gg^gg^^g^^^H yon to pot the fin. t And, ' 
tiia gill Tbi^^^^^^^^^^^^^^^^^^ 
willbethBeyf 
Wfl have her 





other ^^^,,=^_i_;^^^^^^^^ 

... ^^^^^^^^< head"- . . 

Mob with tbe lower jaw here, also movable.— A fiah which baa a flat, ovate form like that 
Tbese (bnr bonet here have been called the apei- be a fish of not very rapid motion ; and we know 
onlmsi. that all fiibes not pdsessed of powers of rapid mo- 
Having ascertained snoh a connection between Hon have rather elongated dorsal and anal Eni, 
thahardpBjtsoftheaiumsl,IbecamemoreBiidmore and that the caudal fin is not forked. Those that 

;....a_,.L__., ,-_..__ — 'Khenendea- awimfastbava the tail forked, and theaefina not 

' those ai a paddle. The fishes which have a broad, flat 



which any scales had been found, and to clasiily body, are notvorarioE 
owholeof fishes according to th" "' — """ "''' ' " " ' 



a prolonged anout- They will have a short, round 
Bcaiea. i put in one oruerau uie nanes wmcnnave head, and so in that way yoo termioate your draw- 
only enameled granolea on the skin, and called inn. [Applatue.l 

them Piocoiiit. All those which have icalei cov- That all that can be done wiA precision I had the 
ered with eaamel I called Oawndi. All those good fottnne to be able to demonstrate in a ratbn 
— ■-- h had dentated, serrated scales, with hard striking manner. In the year 1S33 I deli — '-■■ -- 



bone in the back-bone and aerratnrei in tie oper- 


tbe firat number of my work on '• Fossil Fishei," a 


cular bones, I classed together as CtemnAii and 


scale of a fosall fiih sent me from England, and 


those which had simple head-bones, aoftray.and 


from it drew the Gth lo which I considered it to ba- 


king. In the following yer.r, 1834, tbe whole remains 
oftbefiih were collected, and the drawing waa 


and called Cycfcid.. 


Of course, when studying the different families, 


given in the third number of my work, Ihavetbe 


I found the similar relatlona in the detail* which 






net differ in any essential way, even in the detaila 




ILoud applause.) itX.^-. | 


tinmuab genera and species. 
Now, fwaa enabled to " rertora" a fish ftom iao- 


Tbeie reitorations have bean repeatedly mide- 


They have been made in other casea where the 



lated icalet. So mnck hiibeen laid abont that prooeMwaialJUmorediffloiilt. CavlerwasdiBfint 



42 

who mkde theje lutoratioDi rnun •ingle ^qea of 
tlilM* foaiil muomllia laauil in tbs ^ypaom dgv 
Pwla. Be reilorad leTeril (^eLcrt Ho ^ave oat 
oily tba whole iketeloDol tbne aiiimQ.Li, but B'I^ij 
theoatUsfli of theirlbraia. Tnai lur he cuu1>j gu, 
and thai fai be did go, anil nuve cniirelj inciirkcto 
i; detail) to hia fignrei. Sums imitatort Tulluwed 
Uid went lartber than he— giving stdq bair to 
(beie aiuniali aod daw tn [heir <:olora '. They ar:- 
sompliabed ail that, bnt there were aa man; Iiei aa 
■ddttioni to the fiEarea. ; A laavh I 

The iCTDCtiueof fiahei i. in (leFieral the 9>ma aa 
tbatof the higher Tertebriiiei] Baimals, eicept per- 
hapi aa far M rsgardi tbs orirBiia of reipiration. — 
All flahei do not breathe by luuga aa Che mamma- 
lia, birda and reptilea. They breatbe by gilla, or- 
gaoa placed in tto ildaa ol the head nndec thoaa 
luge otntn which protect iha aidea uf tlie bead. 
Tbeaa gilla 



Prt^. Agamz't Lecture*. 




_ itnoi. tod all tbM* reini onita, tembig uottaar 
large Uood-Teiaal by their JanetioD, wMoh ran* ta 
the baok-booe and alDog ibii oarity beaeatb It. 
whence it ia diatribnted to all the Tlaeara of the i^ 

domiiMlcaTilj. The blood, after it haareaohed ^ 
paitiof the body, ratomittiroubtlieag Telniandii 
-iptied into thu Urge aac.io Aat the Tanonj blood 
.. M*a into aat caTJtv and ia propelled into ttMgiU*. 
where it ia oonTfctad into aiterial bknd. 

Bnch a clronlation la called " aaimplacireDlatiDn." 
Rot betide (heae organa of raapinthm wt haTe in 
fiibea a oarioaa mrgan placed in tha apper poitloa 
- ■ I abdominal caiity-a largo air-aao called the 
idder, which opona into the alimentaijr tub* 
I. Thia ia a mdimanlary long. It ia tbe Bat 
Ltioa of the formatioa of a long la vertabraead 

ill! and when traciog the formation of <it» 

OTgana within the egg we may laoortain tfaat tn iM 
petition and fbrmation tliia air-bladder ij aunilnr M 
the Inng of blghai anlmala. 

The mootta opena into the gUla, iriiicb form Ifaa 
arohai on both iidea. The food paiae* betweaa 
'aaeinbea, and morea on into the atoouob wbkh 

Tory aolfixn. The alimentary taba ii aciroaly 

ore tlendar than iba alomaidi. and ia teiy ibortft 
_oM fiabea. There li alas a large liTsr and ^ 
Madder, ao thai in tha alroatDra of die Tiaoara th* 
fiahea do not materially diifar from die hiibar toi- 
mala. All of them lay egga in innomenhlaqua- 
ciciea. Thaia are apeclna wblch lay aa nauj aa 
fifty thooaand egga. Thia eitraordlnary fecandi^ 
afibidi a ready eiplanatlan of the great nombaiot 
Babee, and the non-dia appearance of any of lb* 
typea notwltlutanding the Toracltyof the** Ml-. 



liaBi the body, whtdi ia the niriole, and emptiei 
into aaotbar oaiity called the Tentriole i and tba 



There ia no oondanation to thia tireat blood-vc 
ThabloodgOBidirectly to thoKillaand thena 
back after It hai reached the termination, thr 




their ai 

an Bpooh when tiiore weri , 

mammalia. Pirat oooe the Btbea. and Sahaaooly 
tba reptilvi— then the biid^ 



LECTURE X. 

(•....Tha Vtrtabnl Strii 






....SrilHof [baTorlsiv.BiiUiI 



I and Skiui— FoM. . 
■Dui r.«^«(nu— Their Vsnebral Str 
[ AdiIdit Id III* Xaptil«....T1is CI 
it* la tFair ZT»....Tb« Hernmr....' 

' ' ~ iptllei— Dlli-lin nf R«MIIci i 
ilaa but Htraded Bila....1)n 



Btan of riilia— PaoBliaritj of IhelrTaaa.... 
..Th*GMaii!i-Tb<Oar-piEa^ Ki HaidEauF 
I. ...Tha AmnIoi....PMDll*iitiai or tba meM 

■ ....Tha Sparelil Pmltfain of Flat Tlakla 

■rout. ...Tha C(id<ii)i....Tbi ClaM af BMtDea- 
feM— TheTanlaahsilu tatba Liaud— Tba Tut 
arOrderi: TDitlaa, Liaaria, Bnakii ~^Ww-t 

r HaplIlM amall Dale af tba a 

laiitTT1>*ofl^l'ajdB....Tha Aaariaaa ...... 

rypsi d^tenniiinl b} Compaijisii of lbi_Vaji,tm 



>a CiMojUa 

ur, Pee™.Di.ff.TcnM i 

Laniii iND Sekti.iiiii' :— Throogh the kind- 1 tereat relative to (lie atractora of Fiahea and Ra^ 
aaaiof Prof. Watt*. 1 haie been provided with a titei, HaTingrgona IhroDgh the examination of toe 
aatiei of ipeclmena from the Collega Uaaeam, anatomical charictt " " ' 
which will enable ma to ibow aeTerai facta of b- 1 of nnderatanding n 



The Animai Kingdom.^ 



aad tta mait of introdmotioD of Ilia diSteont t;pM 

IwUlnowndTsrt to lomi) of lbs pecnlilrltiM in 
the faniUu of Fuhei. I h»s alrsuty itUsd in 
BV lut Lectors tfaml Che cUii of Sibei ii divided 
into (bur Orden. fram tfae (traclnce of tha ictlei. 
Bot Cbeae peciiliuitiaiiD tbe itractnre of theKtlei 
■re not the only eh«r«[:teriilici by which theu Or- 
dan ITI diitingniibed. For example : in ihe Snt 
fTOop. th« Placoidi, which ii ooferad with eDim- 
elcd tnberclei ■pre«d oyer the ikin, wa bare m 
■keletOD oonituitly aanila^iooiu. Thii, thoogh 
aouedmM bud, ivi ever boay u in other fithei. 
Again, Ih* Tflrtebrot ou the central portieoi of the 
MBk-bau *ie alio lepirtted from appendage* 
which itand ibore and below, «> that the Tertebril 
oolaiim cu be taltaD oot of cfie l»dj like a (tick. — 
Herela aipooimen. Yon leopliinly oa tfaeieanr- 
faitii Ilia promiiient churioieriitloi of all fiifaei that 
bam ^e whole lorfice enicalated. Yon oluerte 




Ibbai --. 

Utuhed to the jaw by the akin. They are not in- 
MitBd in deep aocketi ai thoae of other Gihea and 
Ugber order* of animala, Thii mode of ioiertioa 
nvden tba taeth moTthle. ao that the ahark can 

•ceet ila teeth. The ahark hai sot a >tnE)e row. 



AeGnt erect teeth are pUrad thi 
On the edge ol the jav vp hive i 
•root tooth, aid back of it numero 
leatta wbaie point la tnmeil h ack wai 
Am often aa inch a tooth ja destroye 
the nest tooth will Uke lu place, 
•"-■■'—*' apply. Thi 





I arraneed in thU man' 
rhi* bains the anterior 
largin of uie Jaw, there 
re ooaitastlynewCaetb 
ItbnZfing'at the back " 



rie) of teeth 
ihliqne. and 
■npplt tbetr 

■ the law.— 
ir ao Ja than 



t in Torm and imEtDie, hava tliia. : 
lir gilla are meialy oorerad In aUi 

are are ai m>ny opeoiiuta aa gUla. 1 

■ there ii only one opening in tl 

of Sat bone* cOTeting the whola 

' are coneained. Bn( in 




the aharli ii very in Cere iiliia: to ^eolotpata. 
KreatBnmber of their teeth &ad inaftaaili 
readers it qaita neceiaarytbrthe ^ealogiat to know 
wbatdiEerencea inihetr ■trnctore the teeth indi' 
oue. Their akele ten, being radier loft. ii not often 

itrata. in the tertiary ilrata lome are fbaadex- 
oeedingly large. In thii ihark, which la aboat 
twelve feet in length, tba teedj are nearly an 
~ le are fDond. haviuK the laa* 
■ ■ ■ ■ bight a • 




ach 


in w 


ilh. 


n Malta, teeth ir« 


and 




ainehealongandfbnrand 


hal 


bro 


datth 


bate. Ooo would 






at the 


thark from which 






'Bdm 


at have bean ex- 


%\ 


l:Zi 


nr^e. Soch ianol thebct. 
ably did not eiceadaom* 






being 


aboat twenty-ETs 


thi 


ty le 


Einle 


Dgth. It ha) been 



long; but soquu an BiaggeiatiDn, caoaed by 
wsot of a proper knowiedga of the correapondiDg 
liviog ipeciea. Bbarha af tba greateat aiie have 
nut the largeat teeth, bot en tba contrary, thoia 
havio^ theamallaat body hava the largeat teeth, 
end it iato thi> tribe arihirki the fbiiil ipeciei bs- 
lanp. So then we ha** CO right to infer that ths 
teeth belong ta an eitraoidinaiy lizad apeciei. 

Tba next ii Gawidt, of which 1 have explained 
the' pharactar fram ancieat itraia. Thii drawing 
rapreieata the nae which [had the pleainre to "r>- 
itore" fron aiioglaicala acmeyeara ago, and I 
here exhibit, theoailiuei of that taken from the ape- 



■peoimee with the firit oaiHne I gave, how eloaoly it 
agree*. They hi>e not only enameled icalaa, W 
they are rhomboidal in the aame way aa tba 
Qanoidi. 

Yon have hare one oF tke few remnanu of thei* 
qanoidi, tbe^ar.p ike ofLakeCbamplain — foandalao 
in the Boatb em riven. It i« provided with abarp 




Frof. Agaitii 



adgevitb (imilir bard icmlei, «bicfa proveotlha 
faieaktiiE of tbe raja. Oalj a few ■imilar Kibe* 

Thit gflDoa lApiiBtleui \a penlltr to Nnrtb 

Snlf of Mexico and tbe Bl. Laurrc^nce. A eenui ii 
>bo foBnd b Che Ni)e and meooga' ''■1>°<' <!>« ^u- 

Tbe atDrgson ii allied to thii sod"- Fuiiil tUhea, 
^which a rev immtta icalei are foaod, difterfron 
tlMDi by the poaiclcm of Cbeir Saa «nd 



'e Bllod 



eeth. 






[Tulating anrfacea tb- 



(dda. ThiapccBliarityi 
•B apoch when reptiles 



ThoDjI. it i. fron. . larwe 
latynu will acan^aWba able 
ce. labawittocomparethe 
with thoaeof other d«bea — 
lo the form gf 



. . Vodartetthe reptUea began to eiiit. 

thot* type* of liihea became *q diminished that 
they were almoit eitinet, atid at Iho preaent d«y 

two pen era. 

It 11 not tho place to apeak of [ha typea of thoie 
■iid«aC fiibe*. and 1 woaM only allade tt 

attfaey >r* anmewhst auabi^oaa not only i 
tilei, but bave lome aCher cnHnai >nalo?iei. 
•nimala. wilbtbai 



LectuTu. 

log u bow that trrm tba b«glniifiig ill tnw w*« 
oootemplated by Ih* Creator, bat only called IMo 

extatence ttradaatly. 

Tbs ardiiary bony fiihe) are diTided. by tha pe- 
cnliaritiei of their acalea, lato tvo Ordaiv. Fint 
thoae with hard. roDgh aaaiea, called the OttwU*. 
to which the Perch belnnaa, Tb 
(pineaOQtfaeir btcki. but deatatic 




tha character of the perch ia 

tte perch hava teeth is tbe upper ud lower 
and BpOD Ibe palatal bone* lnalde dit noKim, ■■ 
well ai tbe bonea of the aknlL It li ■ BoH vdM- 
ordinal? fact thut tba bone which la koOWB \ij 
aoatomiati to form tbe dlviaion of the bom in U^v 
inloiala, called tba momer. reata apon die beoea of 
the akoll in Gabea which haTe no aach deep ocvitlga 
la thenoae. The ™»i«r tori --"^ ^- 




Aaotherfau.! . k.nr.: 


., tin, [lif- Hvi.n,.lt. lo 


which tbe "ah-',';' [.-^id 


b.-i.jLMs, (l|[r,.'r in having 






Thia and two ether bone • 








bnt the opercalara has 




apinea, tbe back Bn bu 




tpiiiea,ud the acalea are 




rooah. The SricHoidt 




to which the weak'Sah 




belong*, baa tbe aamei 


^^BSaS^H 


er^bonera'ndnotaM 


hcntbepal^atal^bo.-. 



One moat eitraordiaary family balonrlns In 

np it Che EaCiiibet, for it ia tba Daly mmilj . 
oaynunetrical in tbe vertebral cohiniD. Ue 
two aidea are not eqnal. The one ia flat and color- 
lea*, " bile tbe other i* awoUen and eolared. In- 
itead of awimmiag vertically, they twim flatwiie. 
on one aide. They are diatingaiahed by the fket 
that the two eyei are on tbe aide that u oolorsd. 
Wben yonng.in the egg, they arBaymmatrioa], bst 
when toey grow larger, and e**n Terjr early, one 
of tbe eyei tami lo one aide — (omatimea to Um 
right and lometimea te the left Tfaewetsnu 
the momeac tbe Bab beglna to grow. ThataM* 
ia eipoaed to tbe action of light ia the mtf 
ilored, Thosgh theae fiihea have aoftrafV, 
lave radiated, a errated ica1ea,lhereb*Bik- 
t£enii 



name of the family la Platrontria. 

The fi^ea with amooth acalaa arc mora bbih. 
Tooa than any other typea, and are tbe type beloMg- 
ingtaoDrday. Some hare had rays upon thair 
bicki. The UacKatd are of Cbla claia. In thean 

e in't tbe followingjjecitUarity: Letthiabeth* 



The Ammal Kingdom. 



aathapi 



: wabBTebttekarditTiiDdiaM 

aauwpsTdi. r *■ ' — --*■ 

dlTld«d nyi. 



i njri. Aeootdingla lliaralsl grkra, thia 
4A ihoald bkT* (iiuadi kiIm. On the oontruj 
it bu («fnt«d •ctlM, bat col; on mbb pvu cf tkt 
'' ~ d; — tta other portioo ii oarersd witli imooth 
-■--- in ftct. u iutumsdista tjps betweBc 



bodT— tta oth 
■BUM. Iti*, in 
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tha exfirMBitie* oTwhioli tiiflra ii khook. Tint 
w« Dbierra tlMM Mlargsd— Aea thara tra two 
nidimeat*i7 feat oa ttw ilda* 

-- ■ i aftarwud Ifaraa 

itocmorfaat wiOi 



ottba head with o 



Bt» diniiict fiwen. — , . 

■ut«s betweeB tte eziateBoe of feat wd the com- 
q — „ pleta want of them ii knowB amiDgtba liTingiap- 

TbefvaiJy oftbe herrln^.oftroat mud of csdfiih, , tilei — iDakai and liiarda. The length aod prapOT- 



aU bne the •mma aaile* nod aoft nj'i. The family 
4f Codfah ia diitiogaiihed bj baling Bamerau di 
Tided fini — aoaetiniei thna dorHl and two ana! 
Bni, all of them with uft rayi lui iibdoIIi ■ealea.— 
Tba fuBll; of Call bu the 8n omttaaou wUh tbti 

Then we hava the fuiitlai of Hening and of Baek- 
■'"' *■"* "' ' " " lathefana- 




m oftha body Tarjr. Boma a 
naiylangtb; iBDtlien,ia whioh titebady iaaborter. 
the tail it arat lepente fnim dia body and fivml a 
kmg, tail-lika appendage. 

Thsra ii no longer an; dlffionltj in tradsg flila 
form in that of Iha iDrtli. in which the bod; iilmiad. 
flat, aith rerj ihort tail and neck. Here we have 
a type whara the tail i) rtrj long and very (imiUr 
to * make'i body, and here we baTe feet of eon- 
aidarabla liae. 

Again. In tha beg the legi are of axtraordlnti; 

length, being in many ia)tancea loogei than the 

body. Tha medial regioa ii broad, lat and aboN 

ai in tnrtiea, ao that the Bitarntl form, wtiera w* 

all intermadiate forma, ibonld an looger ba an 

■ of all thoae «i ' 



teeih are formed by peooliar bone» which itioJ Liut ibtemai: 
-aathe edge of fte body. Kadi of tbarlba haa two < "sae 



Mea allintermad 
O^eatioatotba a 

groop. BatinttieintamiediatelOTraB webarepoa- 
itiTe Bharaetera by whiofa they alt agraa and tliara- 



It be olaiaad togatber. 




noUni. and the poiat which ' haart In 

oat la marked tbaa: two ■" ' " 

Mtinr. So ihi - - 



-tofth 



ia teieoted heart of a toitla yon aea 
tiai in which the blood comet nom tlie 



_ j1 pair Itom (ha 

.. ST margin of lb* body. 

tyofTroatwahiranoaaiihBfaanctaila. 

Oa. ^ahneanadditloDaldonalBnwtllMitain 
t^, oaly B aoit adipoea or fal^ b. In thaae two fvd- 
Baa tta edge oftha npper iaw li fbraed oftha max- 

— '' arproTidaiwitfaiBdeteaa,aaBiatimei 

-' — a In tha bona whidi re«di the 



SwUl) 



— ., uyteeth. Thefbreiringda- 

win lie anfficieot to flTe aooniplete notion ^the 

whole ohaa ofFlahaa. I will ihow aapadmen ooa- 
Mring three fUnU Bihsi. The audea in tba feeiU 
Mae are preoiaely flie aame aa In die living gar- 
pika. Tha«peeinianlaffomftlt <nmntr¥ — anaFrom 
«• oollaDtlaQ of Hr. Bedfleld. 

IbBTooowto introdoce tbeolaaaof AjXifei.— 
Asy are ao!n»la Tsry diiaimilar in thair atmctnre 
and appearance. Atfiiatooe can aoarcelj ander- 
ttamd Ae lihoBaaa axiating between a anake n^ • 
tBfide. Their akeletcoa in their BBteinal form 
•0 totally dUfbrentAat ' ' 



impoaalMe that nub heteraganaDB BBbnala aa 
ftoga. aaahei, Uitida and toctoiaea ahonld belong 
-tDOBeBatoral dJTJaion i BererAeleei the daaa of 
tmtilea ii the meat natnral groap of tha Animal 
Kingdom. The extreme difftrencai we notio* be- 
tween the groapt jnat named. *dlaap|A«r mora uid 
ware whan we examine the dladBet typea of thoae 
■ninali Wbirb lived in fiirmer epoohi and are now 
axUnct We have now aome aBtmaia whiofa. by 
-Ukelr fbrm, itand htlermadiate batwhw IJEaidi. or 
awodilea, and tartoiiaa. We liaTa ottier (brau 
■Ten intermadiate between tiie anakai aad lia- 
BTd). The comiooa inaka baa no feeti nnmerani 
*iba extend the whole length ofttia body, T 
Bnmerou Tertebrm have each a pair of rilM, a 
Am rtnustDra ia ao anilbrm that (n a tranaranfe a 



Boma Baarda, like anahea, ha*a bo feet la 



.....edcaTitlei- - -. . — 

long*, and thii black oaTity from which the IJoed 

The heart of rcnlile. ii diTJded inio three cayiriea. 
" ' et that be tha rentrida 

'riclea _ . 

preceedbgiB- 




retOTBi and an^n one of the aonclei, while tba 
hlood which goaa lo the long* will enter thia 
other anricle, >o that the blood from tha body 
iaminglodiolhacommonvenlricle. ThoawehaTe, 
gmu to tha body, blood of a mixed natore. That 
which haa beoome Idood aad haa loat Ila Tital prop- 
ardea by being aaed in the body, retnrM to tne 
of tba BBfielaa i and tha hloed which baa baooina 
DxygaBBted In the longt oomei baol^ tha other 
anida. The TeoDaa and arterial bloodnen empty 
[BtiithiaoommOBoaTity,thaTeBtricla,andarafbiDad 
thaooeinto thabody, aa wdl aa the rBaplratocy a^ 
gtna. Bach t oitoalUlon la that which i* fonnd In 
at) oold-btooded ■-'■"'■ 

In tba faiRhsr aDlratli the blood frblch (Um«a 
ftim the body ioto Ibia oavity paaiea into that, and. 
ioaa not onitd with tha arterial blood, bat ia furoed 
by aTe»el - " " 




miliar towarm-bUibded 



u 

tarrearndbig alaiMphaTt. Their tanparUiir* aink* 
wttti IbU at the itmHpbera, and wmd it ii vary 
low tb« wdM>l beeoma* torpid tod remKlni 
■0 dnrliis Ita* onld iiuan. Tartlei, in&kaa, lii- 
—' *'- - --■- InlDlhititatediiringthB Win- 



[Prof. Agaitiz'i Leehtra. 



Car, tad their dnnilition . ., _ 
Alt reptllea bteubs with Iniigi, whish 

TBTy peculiar ■ppeiruae. ' *■ — ' ■ 

of us insppiBg-enrtla — it 

uppipai, which units ia en 

lOQlh « 



bare tfaa long 
-likaudfoUof 
into tsbei or 




Sere ii ths long of an- 
ila, tha bn coiutrictor, 
lie cell! ire b«atlfBllv 
lu to tbs fonO*, bat 
icrDU uid not diTided 
lelli. Theae twa rap- 
mi^ orguiB 4jf raipira- 
i h»a aean in fiihei 
idiUBBt of * long— the 
._ . ef. Hare wa ht»B the 

iptlla, lata which tha ill li coiutuitl; 



•o fraqnent tu in warm-blooded aoimali. aod the 

Jiutity of oxjgea ooniamed ia mncb lea*. — 
heae two oharactara are aaSciaBt la diitiDgniah 
lepdlsi tnnn all other animali, and Is ahow diat, 
AOtwlthatBiidiDg tbeir estraordinary dirarai^ of 
Ibmi, Ihe; are ■ Tar? natoral claaa in their 
Itraotiire. 

Wilhont entaring lata amy more uatomloil de- 
laDa, I would mentloo tome pecnliaritiaa of tha 

Rapdlei hare bees divided Into finr oidm — 
Tanitt, Loardi, Snaka aad Pnfi. The flrat are 
named from the (iraak CMainai, tha lacond Bamri- 
am, the third QnUdinu, and the feorth Batrtckiaiu. 
Theae tarma aunpl; ligni^ the aamatatbe oon- 
Bvmnuie, and are onljoaed Taittaa aakaof aoom- 
men onderatuding in diflerent langaagea. The 
oonnun name ia Jut t« goed, only it would aome- 
timea create miatusa. Forlnataaeaihereiaaflah 
called tha gar-pike, whldi baa a Dameaakajbelona- 
ln([toa dlffiarent lamil;- floitianecaaaarytobai 



ioientifle terma darlvad ^^ar from fiia Greek or 
Latin — tor loiantific men of diSeraot natloni apeak 
different toDgiaa, anditii eaaentialto atfaoroagh 
atndj or knowledge oi the diffarant t;pea of the 
Anlnal Kingdom that thara ahosld be a fixed 

■a woald naoeaaarily change with different 
lannagea. 

Tha orderofCbalaDianaiapeonliarlromtbeainga- 
lai form of tte body. Tha common tartlo ia oorered 
with lar^ e flal cuir>ta-ahBpedii.'alei, buLh above and 
below. TbaiH icalsi reit imoiediitely apon tha 
B tbcss boneal^ — 




In all marine animala the rlW do not enlarge tb« 
wbole length bnt are onlj united near thsbadi^^ 
bone. Tbe large, broad diio ia nothing bat a ae- 
ries oF nba. and when looking intemall; the; pie~ 
aent prcEiael; the aama raJaliou to tha centra^ 
baokbone aa in oommon *ertebrated animali. 

Id the phlloaophical oomparlaoB of aaimala lh» 
mere diso ii not aalHcieat, bat will lead to IraqoeU 
mlitakea- On tbe anterior portioB tf the animal 
we bare a ilmilar aeriea of bonei Knnethlng analo- 
gOBi (o theie of tiia eraoodile. Tha anterior ex- 
tranitlaa or the rlba unite In a aeriea of middle 
bonei, called atemal bonea. Tba lower oaimaa ^ 
the tnrtle ii nothing bat a aeriea of thoae bonea 
formed in the aame manner aa rihi. The whole 
middle region of the bod; ii thaa immoTable be- 
tween them. There ii DO poaaible motion of tb* 
_-<. atemum- In aoae tnrtlea only tbe ante- 



la^a brain— butitiaaot BO. Hera la a little hob 
tbroogta wfaicfa the ipinal mansw paaiaa. ThM« 
large corared oavltiea areoBl; to pxitoot tha Uiga 



a tbelo 



, niaheBdif. 



•oaitinn of flie difbrent 



la claia the lamarelatiTepoaitii 
paita of the brain. The little qna 

_-= ,, !._ ...- -.terierloli. Tha on^ 

Ipngraai la ^lo farm it 

|ihB brain ia Aattba ah- 

lohe of the brain 

IW'tbaii tha other, 

lapoaterioipaitU . 

tbesB toitlei 'form a natoral group. They did 
not exlil vary anDleDtly— we do not find them 
beyond the oolita period, bal wa find the next 
order, the Saorlana, at an aarlleT aga, Immediately 
alter the oo^ era- Tha queatlon ariaea, Are the 
aauiiana, wbicb are found below tha oolite and 
aboTo tha coal, real lliardal They hare bean ao 
oonaidered, but I think the antlegy with Uaarda- 
haa been eiaggaratad. In fact all the raptilel 
found in the atrata below the chalk bare a peon- 
liarity which tha actual liiard hr *'■- ^ 



aro inaerted incaidtiea. Lizard* have teeth i 
with their jawa, but theaa anoient aanriana 
teath inaarted by i 






jtmctnrs in the crocodile i ao that 

tha analogy between the crooodile and lixard 
which waa canaldared ao natoral and cloae. ia, I 
think, rather exaggeratBd. " 



iTOcodUea 

typci of large llx- 

_ . iptllea, teeth inaarted in tha 

caiitiea of tbe jaw. You aae b tbia head 

tha charaotar of their teeth Tery 



ardi haling. 




T%e Animal Kingdom. 

id whan th* Jiw >> detti thsy naite otbar 
inner tfa It oaly th* testh of the upper 



J(W are leen onUidear the lower, 
proper yoa biTe the teeUi i 

ef 'the "'" 



il Worl 



It il e ricl 
UiKt 111 the erooodil 

larfing in thil fflUDcr Iron the eUiguon ol tJi 
[ontinent. There ii abb apcciea, hove'er, is IL 
Weit Indiei conitnctcd OB Che plm of the Eittei 
crocodile. 

With thii tjpe we here to combine foil 
Toptilel, of which portioni onlj ire kuown,- 
" ' " ■ been deicrihed chiefly by Conjbe»ri 
■ - ■ b Niti.™riil.. It i. i 



TheT hiTO b 
Trot: Owen.. 



ir Britilb N 



of Ore. 



Ddu Ibfl Dime of Plaiaimi 



Jooitl)' foead. They are trulj gigentit 
thsneiceediDeiniizathe lirgeit terrea 

deiciibsd and* 
JchlhwBaunu. 

IwiHonlj »U>d* .. 

■whieh 1 h»YB emie frig aenti, the urecioei pCt of 
^" "^r. Torre J. Hero ' " 
- - '• t»oth, 



iniidawiji. 

■thoio in the j»w of the'litini; grocodilB, 

the portion oftho tooth li Itrger Ihin the who 

'•---'•-—. Therefore we ire Allowed lo infer 

'U UBcb lirger thin my of the lar 
thii coontry. Thil wogld be 

ce raptilei. It bslongi to the ^r 

Brnliirilrefthe teeth ij lhi«: l.-l 
ef the jan — — — 




pMidiarity of th* geni 

It iibfthiiai 

oeu of Mmpu-iibu iJ 

the obtrectera may be detarmintd, and if uy at 
will ioTaatirate all the reUtiona between ancb 
bouei and ateletona of i reptile, he will himialf 
be able to reator* the eotue animal, Itrisg tha 
whole ovCline with great accaraoy. 

Thonnmberof fbiail bone* coming- to light everj 
year ia la great that there i( ft Kreater field of in- 
TeaticatioD tbiD there are eCadenti to enter i^ 
which aboold be en inducement lor many more ta 
begin ancb atndiee. In thia laiantry, (baiil boaee 
have been atodied hot *erT imperfeetly. The 
UiBtodon haa been diicorered hen, and I haf* i* 
donbt there are ea many bona! remaininj; imde- 
acribed aa there were ict era! yeera ago umany 
coontriea ef Earope, io than ii ample room Sea in- 
reiti^ation. Owing to tiia belore-mentianed peoa- 
liariUea in the atmctore of the crocodile — the form 
of the teetii and modifcationB in the vertebrB— 
tboee ancient typeiihoald form* pecaliai erder bj 



imeroaa la oar day, U 



hare bean fbond to 



thiaanin: 
alligaton 




- r-ila' It !"•")■■ Yooh 

hallow anrfinei. So thia aimpit bone can bo rmttia'i 
to the claai of reptilea simply by the character of the 
articaJiting aorfacea of the lertebra. That it i> a 
reptile asd not a fiih ia ucsRained by the ficlthat 
Cbe appendajioa were anited to the Tertsbne. at ii 
lean by theie Avctarea. We may aacertain to 
what genu it belongi bythe pecoliar furm of the 

diagraml are obtnaely Iriangalar. The articulating 
MurfMoe^i theagh osucMva nooae and ijoarejt on iho 



peaaea into that of lii- 
le feet the in 
By wbat arc aaakei diatingniifeed ti 
far there are liiarda withoat feet, ind tnakei hare 
mdinanEa ef feet. In iiiarda the lower law ia 
noTable in ita articalation oe the temporal hons, 
and MB only move np and down. In the anaketlia 
came motion ia poiaihle, bnt the two jawe in front 
can alao more lidewaja, lo Chat the Jaw can ba 
aapirited oaaaiderablf, and tfaoathenonth ean b« 
aiJarged indefinitely. Thla ia the reaaon why 
anakeacan (wallow lalmili of • lireer diameter 
than their own body. Ndt only ia their month aa- 
larged in Ifaat manner, bnt the poaierior anacnla- 
tioaefthejaw with the head iaaach, that ttaeiaw 
can elide on the aide ef tbe head, aad tbaj enlarge 
in that direction. The tempcovl bone le detached 
from tha akin, andbrma the Joint of the lower jaw, 
which joint ia gM>*»ble right and left, allowing th* 
anihe to diitend ita month enormonaly. Bet th* 
Dpper jaw il alao morable. and in aeme, ea inreD- 

wilhthe aac oontaining the poiaon which they in- 
ject throaib the tabe of the tooth into tile wonnd 
made by the bite of tha reptile. 

Bnakeahaieeiiatedinfarmertimea. Prof. Owen 
baaaaoertainedl^at in tha London clay, foaaila are 
fooad allied totba boa-oonatrictU', aa ^lyaath* 
dspoiitioB of the »oit indent tertiary bodiei. 

The laal family ia the Batmekiiaa, whieh ia ao 
geological beiringa, i ' ' ' 



initomicllly frem 
undergoei, that I beg leiT 
tnrda which ia id well i 
intereat, and take up the 



to paai bytheclaiaof 
ideritood and ia of leaa 
rder of Batracbiana foi 



Prof.j^atnz'»'Le»erctu. 



LECTURE XI.! 



If BltTMllilDi— Thsir Meli 
— - seri di«»T»>i— Bi.]. ■ 






•f flilht ii GlM(....?aeiilwltT In tha Ton of Stiili-A Cloa to At DiiciimlH gf Ag^»t FsiBuhilkdi 
^tpriiiti,...Piu'[ Blubnek'i diKaTiij— Hialoiiliiiao ■■•taiDCJ..^TniiEl.i U Iba sltci sf KwmaUs.... 

-hcuiu ll'lhalr BlImaDUrT argui. . . .Tbe tMlltoi'Ra<In/a-Thi ](v gf Iba Bijnr. .. .HotlaEJ ErT A* Jtir In Vl- 
n(li_Tsetb of tka Biitb«i(ii>Ha....Tba PulijdeiHU — lUmiiin- nf 4>«iile> of [tnElnhantiaCrnmnfflsH 



...Tba Qasdr 

L<u>iu iRD Qkhtlchek; In ths 
of tbe clui of B«pH1ef, w* hiT« ttreadj goB« 
tlmmgh fbnr oidfln— *ii : tbit of SMioionUt, cob- 
timing thoBa ^udc foaiil siCiiict t^paa ud tbe 
>!>« Dnna Crocodile; lecoad, tbe Chdoiiiarum 
Tartlea; third, etas iSoKnoiuBr Ll»rda;uid finirth, 
the Ophiiiaiu at Baakai. 

We btve t^-nigbt to examine the order of Ba 
tradaum. Tbaie aniiBila araTBrjnamereai, and 
of & ■ia^lai character, ewiag to Ibeir mode af 
nowtL The^ differ from the oltaer reptile* in 
uiia — that tbeir body li naked, witbont •calea, uid 
theikinii lofL Bat what ia the mint Btrikiss 
feature ia their character, ii that thaj andergo a 
■eriei of chasgei daring their life aftor the? are 
batched. Ths joaag batrtchiuii all haTe ■ long 
till, like lizard); sren frog* aDdcoadj, when foug, 
faavg tbi) appendage. 

The order of Batrachiami contalna Fregi, Toadt, 
~ ■ - -J aoimali allied to 

thii.that 
ly have a 

their early 

begin to appea 
iBij oiaappean, and they aaflns 
pact form of the frog and toad — ■ 



In theie few faoci wa have * mote important in. 
dication of the lalae of c^rocMr throaghODi thg 
great diviiion of the vertebrated animili. If my 
abject wai not to lllmtrata tba principle! of Zo- 
olo^, I woald enter iaW more detail* in the ei- 
amioation of the dlSeraut •pecie( and their eztec- 
■al characteriitioi ; hot theae can be learned from 
booka. In tbeie facta of the atmctnre and charao- 
teriatica of the BBtracbiana, we bare iUoalrated 
le fnsdamental principle* of claaiification— and. 



InfacI 



lich I c 



laldar i 



Important for that object Animal* have anally 
becm ciMillied by the diSeranca in their atractnre, 
wblcb principle ia perfectly correct; bvt tbe diffl- 
oolty ii to aacertainby a knowledge of their (tmC' 
-tore which oombinaCion of organ* — which atnTC- 
tore — belong! to tbe higher and which (o the lower 
order. We bare had no teat for aaaertainiag tfaii. 
Tbe good opinion men have of their own aaperiorlty 



atofth* animal cr 






to Man to be the bigher order, and Eboae that difi'ec 
more widely Sana tbi* type to belong to the lower 
order*. Bat the actual acale by which we maaaare 
thedeerae in the gradation ot animal* iafoand only 
In their metamorpboaea ; and aDbappily tbi* tsft 
ha* not been introdaced into oar claiaiBcatkiD a* it 
ibosld have been. The facta we know alreadv in 
relation to tbe atmctnre of Batracbiaae and their 
■netamorphoeei are anScient to giia a perfect key 
(d the olaiaiOcatioa of tba two lower cluaea of Ter- 



eren with die moat m 

Id thia diagram I win aketeh not any one parli- 
enlai animal, but (ba general ondlne of a groi^- 
When the young batricblan eieapea fromtte ecg 
the ganeral outline t* elongated, wift a tail, bat 




withont lege. Boon lag* wiQ begin 



and w* then have the form of a Salamander, net 
die leg* will increaae in ilit and the tall will die- 
appear — and wa will have tba form of die fng and 
tou. In the lieginning tbcre are eiteraal appand- 
Bget iiw reapiratloa — ^a gUla. Theae dliappetr 
entirety in Hm aalamanden, frogi and toad*, and 
remidn permanent in tbe olbera. Tbe earlier atage* 



In the growth ofthe animal wilt be conaidered tab* 
Terr aoalogoaa tothe lower grade* of animali — nd 
in tbe fall-grown atate, to the higher. LettUiM 
what are the relationi of theae lo other TertabratBd 
auimalt. 1* it among hirda andmammalla that wt 
find an analogy to the*a animal*? Certainly net 
It ia among the fiihea we haie a aimilar mnetnra. 
Therefore we ihal! csoaider Hibea a* lower thaa, 
tboae reptiiea which begin with tbe oharaoleriati* 
aeen in nabea, and pnwreai to a bigher deralop- 
ment. Hera i* evident^ a teitby wbich we know 
that tbe 'cla*a of flahei abonld atand lower than rep- 
tiiea, which, otherwiae, migbtbedonbted. ThafaN 
that aome respire by gill*, ia not of itaalf ntBdaBt 
erideacB that they atand lower or bigher. Hier* 
are aome reptile* [bat breathe by gill* their whda 
life. Tbe (act of tba fiab.like form* In thayaoDg 
batrachlan ia aoOcientiy indicatiTe of tbe poaltfoB 
which fiahea ihoald occupy with reference to rep- 
tiiea and other vertebraleJ aoimala. 

Let na again eiimloe tbe diETerentfamiliea in the 
orderofBatrachUaa, We baTe *ome familial la 



^JU AHtmal Kmgi 



Tint «xMni»l gUli, ud, h>*iBg 1a«t them, k raj 
mbite fin appaan, ud tfterwu-d illihaped, im- 




IlMt In othen die uU will grtdiudty iborMu, ud 
the fin circnmicribiDg it wUT gradnallv dbippeu. 
The lilie >t length will diiappsBj, ud the leg! U- 
^' >- - --— u (0 beoomo the niin orgintof 



la between tbt 



»uidgT*dft- 

tkn oTfonu. udla lach a relt*^— ' .t — 

fbmiud theehugei whioht! 
the ictaa] iudicatiea of the urdi 
the ■mngeiBeDtof ill the familiei. And wher- 
erer Enbryology — the knowledge orthechuigee in 
Hie jonng unimal— hu tanght na the aoceefiive 
Ibnna, wb may have in tbeaa cbangei important 
hinti aa to the cLaa>iflcati<ni of typea. Tberefbre I 
ttlnk tbe principle of metamorphoiii. ■> afonnda- 
' ^ ^ It and nioat iGriklng 



re tbkt the anterior at 



I ejiaqlly corteipood, and ihe i 



theii 



. Thel 



iih the backbone, cnneapbodi to 

.'he tbigh-bone corrc«pond« to th« 

hoiDBrdi— ibe leg proper corroiponding lo the hn- 

hand. Theie parti are ooered with feaAera, and 
the diHerence whicji ii obTiosa in tbe bonei entlr«- 
ly diiappeari in tbe external limbs. Ibli u>log7 
in the aalerlor and poalerior extreiutira can M 
traced tbroagbont the great type uf the Teitetrated 
Biiimala. the short Gngeri oa the foot of the ht, 
correipond precisely to the long fingera tt iuhuki, 
oven to iheir an-aDgement and number of beoea, 
and the di<r.^rence ii oDly in Ihe maimec Id wfaiok 
they DDJte Idgetber by membranea. 




der of mcceiiion of the dJffei 
' mal Kingdom. Thongb we I 
■Uclaiiei, Ibera are lofficie 
ahow, eren neir, that this ii a fandi 
nla npon which claaiiBcation can rei 

m principle ii the one in the order of ancc 
of typw in all geological agai. (Applaoae.) 

The next claaa ii Bird*, and next the Jfanmo- 
lia, Theae two claiaea ha*e certain charactertitici 
ia common, of which I wdl fint apeak. They are 
both warm-blooded uimala. ud they both breathe 
with Inngi. Birda.aa well M Munmalia, bava 
large air-iBci called Itingt, which open externally 
through the month aa well ii the ooitrili, ix the 

mental difference batweea reptilsi ud birdi and 
mammalia The latter two ctaiaei are warm- 
blooded. Tbe difference in tempergtore ia on- 

birds agree agwa in tbe large 
aize or tneir orain in proportioD to tlM-bod^ '' "' 
io mnch greater thu in i 
■inking. In comparing, foi 
the iparrow with thatoithe 

of the Iparrow ia fbond to he about half the sise of 
that of the turtle. The difference in praponion to 
the liia of the two eltjnei ia aa lOO to 1. 
The pecoKir obai«ct«iiatiei of the alaai ef Biida 



in all tiirdi. 1 will 

rartber into detalia. Let thia di 



liagna lapieaent 



Trvf, Agattiz'i Lecturet. 

■ mUacbsdtolt l Aidmil Craatioa o^y bj tfeMa lUgkt 
Mna* not faiwd I lApplMia.) 

Tn* iMt cliM sf veiMbntad 



TLVt^ib. 



oaed tbiC Che fin^sn, or ntber the Then are i 
:u Ld tJ] btrdl. I irill pnnae thii 

... ^ upon whioli bird! kiTs 

tflrflst Uuij jean Kva 
m College diiwTered 
riooi tnckiupon ceiUin rocki in [he Couni "' 

Villej. H«oi»iBinedtheMiniptenion. «n_,__ 

liihed •ome diigruni of tbsm, muatimiDg thtC the diiphruiD. wl 
fliay were the fDotpriiiU ofbirdi. 1 belisT* thli < cevity (ron thit in 
MF"^<>n vu rBoeiied with u mach ixcrediilit; ' ' ' 
— •'-" coontrj u in Eorop*. Hi bu hr jttn 
Tangling agslni- ■■■-- " ' '- 






with bmtr- Thongh tbeir extenuJ •ppevrmnce ii 

I extremely dilfereot, Oitij (11 urea in Ibii nMpsot : 

thaj; h»t warm blood, lika b&di. Bat tbe; bav« 






. To him 



diiidila wbo had 
lawa of Nature, thi 
longthhiaviewibi 

be proTod with aa i _ . ., 

axiitad aa earlT aa the depoaition of tha saw red 
aanditoaa, ai IF ws law them— tboagb only the 



f, aa veil m te a f«w li 
inoB in the E.itj of th 
9ce waaaatiaractor;. A 
o Tally borne oat. Itca 



a, Uka 



a left 01 






e tracka were made long before Uu wti 
created, ud the aridenBi ia beyond the •Ughleat 
doubt. (Applaaae.) 

The andenoe ii Ifaia. Tha toea rf birda ua 
■Jwayi twa,ttarea or tiaaria Bomber. WbeDtheraara 




_ , lin« 

tf ■ecoodronr, and the third 
isolnding the nailjoinl 
In tha only bird which I 
two Gaeera, the Afrk 
eatrich, the Brat Bngsrhaifi 
*nd the aecond flio jointa.— I 
Mow in the new red aaodal 
of tha Coanectioat Valley, 
impreaaiana left ahow plainly 

thaiolntaoflhetoeaar^ 

boritfaiticalatloDa, wl 
reapond preotaely to the IbroH 
going arrangement. Thia la aatialactory evidence 
to erery anatomitt that the impreiiir>na were rrom 
birdi only. I du not luaiTitkin bv tlin itut Prealdent 
Bllchoock baa ahown that they were all birda' 
tracka. There ware alio impreaaiona of other 
aaimala wfanae traoka do not urea with tboie of 






ervad by a 



nniDgoT 



aiTely to the mind a! the gaologiacthe eiiitenceof 
infonnatioD ooacarniojrthe trne hiicory of geological 



Birda lay agga, whila tlie If anuaalia bring fntli 
lliing yonng. It ii span thla neat important 
diSerence in their character Chat the retaion of ao 
many animala lo widely diSerent haa been deter- 
mined. For example, the WkaUi aa well aa bata 
bring forth liring yoong and nonriah them with 
milk. Tha aimilanty oftheir general atnctarB la 
oloaer than wonld appear — owing Ce thia peeoliari- 
ty. The internal atractare of tbe wbalea la tha 
lame oa the higher Mammalia, and tfaoagh they 
have been eonilderad aa ^hea they have no affini- 
ty, hatonly an exMmal analogy toehaColaaa. The 
whalea are really mnch more allied to Jfait than to 
any of the Sab tribe. 

Tbe diaCinction between analogy and affinjtyia, 

Ity ; bat tbe moment we Inveatigate tha ioCemal 
atnctare of the whale we Sod aacfa a atriking n>- 
■emblance tothe Mammalia that ws call it aiEnity. 
So then whalei are analogona with fiahea, bat ar* 
trnly Msmnalia. Even thia analogy wtih fiahea ia 
ranch leaa than it might appear. They hare 
flna, bnt lor a diflerent aie from fiahea. Ia 
fijbea the large Ha at the end of the tail ii placet 
perpendieolirly, and cleaTea the water froaa right 
■o left, producing a forward motion only — while In 
-'■-'--'-'-'-' "horiioDIally, a--'' =" 




initgrm leHh. The whal« are, howBTcr. the 
imeat order of Mammalia, ai li iiiilioiLted by tha 

.nterior feet, bat no poaterior. They hare fiagen, 
ire in nnmbor. a* in other Mammalia, bat Dnited 
nerubraoe formiagifia. Tbeatraotnra 



[>fthi 



I of a 






er grade. 



Ltatill 



er timei. Hoat e«- 
'aordinaiy tiled foaiil typei are foand in tbe Sooth 
m parte of ihii country. In Alabama large apeci' 
lena htie been diicorered, which aafortnaatelj 
UTB been deicHbed by an igooraal Qerman nalor- 
liat ai tbe remaina of reptilea, and chii diacorerj 
! ao mnch importance, baa been leiaaned jn intai- 

, . .. , It by tbe aaaoiaatlflo manner ia which tbey war* 

•^ill, and waoanr«ooBitnctthe bra of tha whole | toaoribod. Bat lately Pra£ Wynin, ftyoanguM- 



7^ AMtnuU Emgdom. 

■ 'waBrti(BiMshuaDr.eiblM«f ekmtkOuoUn*. a«J*wiMdi>ot{i_ „ 

Im** Kf*en > idMidBo danriptkB, ihowlDg thair tii* oJanMl «Bd of tti* lowsr jaw U Intandutd, 

MHiitlil itrastnra to ba that of Muuulia. Aad asd doaad \/j tb« iipHi w itniagi; that tliaj an 

MflllataT,iiDoalli^pnip«rpUe«bub«*na<dtiied. kept ta ttaatr natural pMition, and avaa aftw Dia 

a akoU baa bean dksarareft ibowliiR thapeoaUar aoft pan* ar« rauOTad, tha jairi cuuMt ba dia- 

' >d film of tha poatarior pait ortba baad, fiv- jtdDed. 



fag inotber aTidenca that the ra 



mall cui Buka o>l; upward 



• •padai of whal*. aadoottboaeof a raptilBcallad and downward aottoaa af Cfaa jaw, with a racy 
the Htimmkn. Tba eitrtanca of wbalea ditw ilight lataral norenisat, wbila tfaou wblob lir* 
■a hi back aa the cntaoeou epai:li.aiid nBnj hare npen (nia bava, b«ida theie, a lateral matiBo. — 
•t awi fijanl ia tba tMtlarjt Urata. Tbaie ii a dilB- Tbii ip eipsoiall? erldant in mmiiiatiBK aauaala. 
■aallj in determining the apeciea of theae fbtail oe- All tba berbiTorona aninala whioh hsTa a coippli- 
t> aaaaa en aaooant of tb^ Urga liie. It ii much oated itMBach, from which the (bod U rataniad ta 
'•■aiar to Donpua amallar iHcinieni. tha moatb to be grnnad oier s^ 

TtaaHammaliaarediridediiitatwaiitheTlargeOr- 1 
-dtnbedda thatof wbalea: the A«riiMni and the 
•Canmora. TharalaadiffBrencemthaaewhtablira 
«■ vegalablaa and ttmaa wbiob devour antntl* fiv 
ftnd. Tha bam. aadatrootoreof the teeth (or grind- 
Inc T«getable (bod and br cottiDg and deToaring 
InlBg animali — aa alao tha allmentai; organa bt 
Afaation, wbiob reqalre the foad to undergo a pro- 
•■aa of aiainilatiaii — are Tary diKrent in the two 
—_.._- xhe differanoa between the food and the 
w ef tha body of an hatbiTanna animal 
"~ latiia Itbai tc 




taalmflatad. reader the digeative or^mamach more 
eoaaplicated luHiabaibiTonHUthaninthecaiiuTai- 
•Mtriba. 

Again, the (badortbeiatwa orderaia aodifiiarant ;_ .i., _ „ , , j a 

tker nudificitloai in tha apantioiu bv whicb tha alha and mwi ai»ar ttbfaait^. baroia u . 
aidai»^».^ i« .1.- »-««'«- ..;».i^ a-.^L __•: 1,1 When I aay noharblTorova aniaua baTo oanuio 

S^i^,. Li SS.5^ -3f.« ™^!^ ^5 <•«* I .nppofa man; bare thought ofae uitraor- 

dU™^«fr™ihoj^h^»ct opontha.orf«eof di.^h-.'if^rftte ^ephuit, wfch are placed ta 

™ tha HBO poiitinu canine teetl ' 
Barbaronsi 




wa bavB the grinde 


n. Animali with incta jawa, 


and they are rerj i 




KUi and aqalrreli 


ara of thii gronp. Eabbita and 


barubaTetwoaati 


irior toeth in tha lowar jaw. and 


foororflTegrinden 


ion the right and left aide of the 


paiteriorpgrtofth' 










^^^|>ud the lectnid mUar: 




SHWe tiod lacb only 












nHliiiiil ul teeth : In (be 



•Cue office 



in tb? Ci 




r the tiger yon Among the Berbinira we will firrt diattngafik 

Q fi™t the in- the laiga family of Poi*«.i«TM(«, in which the fin- 

d.on, and in tha poi- «"" *"> ™»"«^ '""' ■ boof. The borae, the 

--- nirt the molan ■ elepb"" and the rhinocoroa belong to thii family. 

poaitlOD and on Zl!.'/^'"" -'-''--*—*■ "' - ' 






I Tory few. The elapbani the 



largeat of the Uamoialia. when fnll grown huonlj 
ibnrmolu teeth— twain tha npper and two in the 
lowarjiw. The yonng elephant hai twiae aj ma- 
ny — fonr Id the lower and foar in the upper. Thla 

Hiir^-a.,H.c ;> ^a.il.^ AV'^Ui-.ai.l Tl, .a n^o >^^l. «... ~ 
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oonafbrwirdthej diiplacctha olharMttti, tli< ui- 
taiiorpordoD maouslTeLj filli iwn uul the poi 
— ' — ' J--"- T -1,, fi]i].jrowB mi 



comei ingnulDillj. la i 
lera lis odIt bur mtxilltij tc 
md two toika, m^ina lis ^ bat IB»« ui r 
i ooDittntly, in tbat lAer tha lecond pmir b 

tha plic* of tha Gnt. uiaCher tri!] ha ronni 
d. Bo it ii HOC tma tliU tlia fallErawa u 
uoniylbar'- -'- '--" 



Tha fasiilT of Paekifitrwu ii hisblj intBraiting, 
baoaaia )( u to than va mut ranr muy of tbt 
f%aBtic terreicriil ■nimali fsnud In Che tartiv; 
■tnla. Tker tie qnita niiBieraiu, and it ii tbetc 
■ baanfbr Ika Gnttima nootutrBCtsd ud 




The main dilTe 
teeth. There ii na c.canl ipace between liie in- 
(daora and canisa and molv teath of Cbe latter, bnt 
iBtha IbriDer Toa lea Che canine can emu each 
otbar and fill tha Tactnt ipacei when the Jaw* are 
braaihl togelhei. Theia uimili bave neier been 
baud entire, hot Che ikelaton hai been drawn from 
related bene t. Never waisTen ■ conpleie head 
finndof aPllanthsriamor Anapbcherium. Tbev 
have been Hoonitracted eTan from mooh more im 

CufecC fraxmeDti Chan are now coDtalaed in the 
[■ueam of Parij. Tbe difference in the animali ii 
DOtonly in Che Ceeth boC alia in the feat; tha Ana- 
ploCberinmhai three Gn gen, Cbe middle (iu)(ar being 
■ndi larger tliin the lateral otiei, *bile Che other 
bu two fingera only. Tbe older pHcbydermita 
ibandintbe gypmoi are not of gigintis liie— the 
largaat ia not greater than tha h^s, and loniB are 
aa imall aa ui au. Bat in tha mora recent ter 
tlar; beda, otber genera of tbi* animal bare been 
diacorered. iDcb aa tbe Hippopotamni. abowiiig 
the aame charactariitica intbf — ■-- ------- - ■ 

molar teeCb. AjkI not onE j iiol 



Aaia. Pama.andnorareamtlj AdmiralVreDgaL 
whan Tiiiting tha Wbite Sea, (ajahebadCotraval 
for da;fi oTOf raaaiu* of tfae» loHil elephant* 
and rhinoceri and hippopotami, gathered on tba 
hnchei lo ai actnall; Co form hiUi. It U In tta» 
frozen region of Siberia Chat the lOft parts bar* 

been foand. The htin, ikiii and eian "'■ '*- 

which ace known to eiiat, ahow plaii 

aad cDold net baTa been dragged from tha Cropiaal 



w [jainly that 
I after their d 



tfan*iDl*,batimproperl;, M that nun* ahosld 
'ecerrad forth* fowil elephant efNortbaraAabt. 
Sareral apecie* of the mutodon art fbnnd in tUi 
ecnuiti7, Sarop* andtropical America. ThvlargMt 
apeciai 1* oommon in thla mnliaent and appean to 
b* of reeent geolegjoal date-^K> recent tbttfew 

Seological phenomena oan bave taken place rinc* 
1 exCinctian, *o tbat It la area 4 qnaition amaag 
geologiata whether thia apaciaa baa not lirad wItUn 
cbe exiatanca of mankind. Thia ia a pendanC qatf^ 
tion npon which aridenc* ii noiiafflciant todeter- 
mine Che fact*. All thii ahowa how recently aoelk 



II Che 



angeit 






aknlli 



een fbnnd 



Liefunsd, 
ir Flarence, complete 
arger than the Urgeit 



tiOD of thia continent. Tbe apeclea ia limilar to 

notdoobt tbatthej lived in a moch warmer cli- 
mate tban that where they are now buried — 
tbereby proTingeitraordiaarjcbangeaintempera- 

erident tfaat Ihey are boried in the conntriei where 
they liied. The beit evidenae of thia ia tbe fact 
tbatone of ttieae elephanti waa foand ao wellpre- 
aatved that after diimlerring the body, the £eib 
wa« actnally devoored by wolvfla. Theia well- 
preaerred lemaiu are nBonroBi to the Nonh of 



of our globe- 
Next to tha Ftcbydemu aomei tha family of. 
AuiiUKa>i<ui.ofwhicbChetTorthemElkiione. The 
borni ef the elk are flat on tha inCaraal mar^ and 
with projectioni on Che edgei. All the ramiBating 
animala are cbaracterlied by the want of inoiioca 
in tha appec jaw. There are two gronpa : thoae 
which hara compact boma which falloff every year, 
and thoia which have hallow bomi which are par- 
lent TheaehorBj ilaad opon a bony projeo- 
formed of a homy aabitance, bat different from 
the enamel-like inbitanca compealng tbe ban of 
deer. 'A specie* of very large aiie bai beu) 

The family of SBdenlia, conCaining many minnta 
■peoiei, among which thabeiTer ii thalargaat, havo 
nnly Cwo apper and Cwo ioner iociiora. 

Ooe t;peinCbeclM( oF Mammalia baj pnuled 

Mher*. Ic iathe family of Dtdtlptida, containing' 
:he kuganw and opoiiam. This fanilf has one 
pecoliar charscter : they bring forCb theuryooogin 
:ry imperfect state, and they are sfterward in' 



isced in 



r Che I 



Cheyci 






Bat, 


except tb 


B coram 


on character and 


tbe fact 




•a,';;;. 






ctara of Cbe brain. 
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a higher 




deration th 
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Wmake 
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Thew 
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is the 


only speci 


■* which 
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the New World 
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ome few species in 


Sooth 
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In New 
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of their t 
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factt 


at tbe fo>si 
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elation 


to that 
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_ __^ Che Dl. 

jclphides. Only one ha* been Ibnnd ia the plaster 

The next group is the Cama&ra. In these wa- 
ubserra distisccly the catlinK canine teeth and Aa 
•lender olawa adapted for leiaing the prey. Thin- 
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Aiwete t i gtic ii pirtioBlaily itrong ia tba oat tribe, 
nwdaw which terminatM the toaa ia aiched and 
ilMrp ao aa to be aied as a fang. 

ni^OTdar of CaniiTora contain! laoiiiiea inffi- 
aiaatlj different to be diitingniihed. W e hare fint 
tbsmiily of Seals, which hare all the itractore of 
OmiiTora except that their fingen are united to form 
iaa ud the poaterior extremitief are exceedingly 
fiurbaidK. 

Nexttfae CarniTora proper, which hare the fingen 
divided, tiie legi long and the cutting teeth moft 
rtrangly doTeioped. Theie camiTora hare been 
BWMVcma in former agei and de not differ fe wide- 
far ttom. liTlng carniTora ai foiiii herbivora do from 
m oerreaponding living ^ronp, and when fpeaking 
ef the order of lacoeMion in the next Lectare I shall 
diow that the nearer we come to the aotaal types 
wfakh preTail npon the surface of our globe, the 
lata nameroas are the corresponding fossUs. 

Another family is the Bat», and differ chiefly by 
the ftom of the anterior extremities. They have 
fiBV| ihigera which nnite by a membrane, while the 
thnmb is separated and is nsed as a means of sns- 
fNBDding the animal in caves, and for the porpose of 
cfmwling. Daring winter they suspend themselves 
hy their hind feet. 

The lasC family, the Quadrumana ot Monkeys, 
b^pm to approach so near to Man that Linnens 
oowd not find a common character to separate the 
mmkey from Mankind. (Laughter. ) It is singular 
that tile first naturalist of the past century, the one 



to whom we owe all oar prinelp^^ea of modem daa- 
sification, was iooapabia of distiagaiihing by char- 
acters expressed in words the true difference be- 
tween some of the higher monkeys and Man, bat 
has even placed one sp(icies — tiie Chimpanzee-^in. 
the same genua as Man, mnder the name of Homo- 
lor. It is only by dose anatomical inveitigatioa 
we can letni the difference. Kow it is easy to «b- 
derstand it so as never to mistake a monkey for a 
man again. We have two hands and two feet — 
Monkeys have four hands. But, some will ask, 
what difference is there between the hand and 
foot? It ia not merely the length of the finders — 
for the fingers of the hand of the fore- arm of some 
monkeys are shorter than those of the foot. The' 
difference is here : We can open and close the 
thumb with each successive finger, which we oaa- 
not do witn our toes. (Loud applause ) It if to 
this ebaracteristio in the human hand and foot that 
Man owes his superiority over the lower creiition. 
The fact that we have two feet allows us to stand 
upright, and while standing to use tbose delicate 
organs— the hands. Again, this upright pofition 
enables Man to move the head freely in all dircQ- 
tio^s. The very fact that we have not four hands, 
and that we stand upon our feet, and in that posi* 
tion our hands and head are in equilibrium on our 
▼ertebral column, moving in all directio&s, gives to 
Man all his superiority over the Brute Creation, 
both mentally and physically. 



LECTURE XII. 



The Geographical Diitribution of Animal*— Animali all limited in the^ r habitation— Fiihei on both shorea of the 
Atlantic perfectly distinct— Speciei more identical near the Folei, but the identity lost as they approach the 
Equator.... Peculiarity of the Didelphides of Neir-Holland.... Modification of Types not caused by climate.... A 
group of Fishes peculiar to the Indian Ocean.. «. Different varieties of Men circumscribed in theNatuial Bonn- 
saries of Animal QTonp8....The Order of Succession of Types in Geological Times— Strata of different ages 
contain different species . . .The results of observations of Geologists and ZoGlogists— The Primary Rocks. . . .Second- 
ary Strata. ...Tertiary Beds.... All contain different Species.... The Opinion that Animals succeed each other in 
regular gradation entirely falae— In Tiew of this fact some deny all order of succession— Illustration of the Order of 
Succession. . . .AH the Invertebratad Classes and one Class of Vertebrated found in the beginnint— Illustrations of 
this fact.... The first types the hichest in themselves.... Reptiles which first existed assume ul characters. .. .▲ 
true gradation in the Vertebrated Animals which is not found in the Invertebrated. . . .Man the last type intended 
— No farther progress to be expected. 



Ladies and Gentlemen : Before proceeding to 
the consideration of the subject upon which 1 in- 
tend to speak this evening, 1 will limit myself to a 
Tery few remarks upon another subject, which I 
would gladly have introduced before this time, if it 
were not so extensive that I could give no notion 
of it without entering into rery minute details. I 
mean the subject of the Oeog^ap/Ucal DistrUnUion 
of Animals. It is, perhaps, necessanr to know 
something of it in order to understand fuUv the re- 
lation, the distribution, the structure and the order 
of succession of types ; and, aa I have to intro- 
duce the subject of the order of succession of 
types into this Lecture, I will merely mention 
the general results of the recent investigations 
upon the geographical distribution of animals, 
without giving the facts upon which these re- 
mits are founded. I beg you to ai cept them as 
resting upon investigation as accurate as any that 
ean be made in the department of Natural History. 

Animals are all limited in their habitation t«i 
some particular spot on ttie surface of our globe. — 
There are few species existing over l^e 
whole extent either of land or water. These few 
f pecies belong to genera in which it ia very difficult 
to perceive specific differencet, and it is still possi- 
ble that those species which are thcuaht to be fo 
widely diaperged, are nevertheieia to be limited to 

5 



some^ particular spot, when the minute differencet 
shown in their characters shall have been fully ai- 
certained and established. Again : Some which ap- 
pear to have been originally so widely difibsed 
have been scattered over large areas under peculiar 
circumstances, which are not natural to the speoiei. 
But leaving those few species out of consideration, 
we can with correctness assert that all ipeciea 
have a limited habitation, and that mankind only 
are diffused over the whole extent of the surface of 
the globe. There are varieties of species in the 
coldest climates of the arctic regions, as well ss un- 
der the burning sun of the tropical zone, while there 
is no animal ^pe which is distributed in a similar 
manner to the type of Mankind, all over the earth. 
The ocean, which is the most convenient mode of 
eommunication for Man, has not been an easy me- 
dium for the diffusion of animals from one shore to 
another. What will perhaps astonish some of my 
audience is nevertheless perfectly evident from re- 
cent investigations ; — fishes on both shores of the 
Atlantic are perfectly distinct There is not one 
ipecies found in the Mediterranean which occurs on 
these shores: not one species occurring on the 
shores of France is found south of Cape Cod ; I do 
not maintain that there is not one species in the 
northern shores of Europe identical with those of 
Cape Cod. The farther north we proceed, the more 
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■ptdM WB tod idaDttmltsbotiiOiMtliMBtmtlratt ' I 
MWH which I un bow abon to ralwa. 

Tbtre I* 1 earMin MMnt of luid to wbMi >ll u- 
Imli 1b the diffsrant H^lnM of Ban^, Aala uid i i 
Rorth America are fbanii to wrrea. Id Amarica ■ 
thay Docnr lowsr aoslh than In iampa. «b«rri we j 
th dagrae of north latlluda, the iBBe i 



la wa go farther Boith wa Bad In tl 
tamparata laoea of Alia and America the animi 
all beoome diab 

differ amon; themialTsi, lo micb to ibac thote 
of the tamperate region of Ean>pa are diitiact 
from thoae in tfae name regioa of north America, 

great that the flrit ■elilara of tbi> coantry gaia 
tham the naoiea o! EoropeiD animsii. Tun hara 
Ifaa Ibl, Chs bear, tbe Heer and tha marler, which 

BllOieTDVarEBnipeaB namea are ijipiied toyoDr 
own animali. Bat Bot viibi landing thia, tba ani- 
mail of tha two ontiBaota araoal; aD(lnR:iDa, and 
•a apeoifioall; diitinoc ai lame allied apeciei ara 







iTith. w 



twera, toChemaaia tba4rotlora„ 

MBthcm polBt of Ahioa ta pMsHar ud dlatliMt 

u aniinala, and Hia CoatiiiaDt of Hew-Hollaadta 
'loeediogl; differeDt horn ererTthlBf alee IhU 
-s ia aooiBbioatiDBnfaBhnai) haTiaBBAaBalnay 
h *By other groapa io any other apot as OM 

the didelphidaa tasBd to all paitiof New-^ol- 



ir nftea I 



Nev Hdland, aD< 
rL'^lon. ao chat we ban he 
denro that tbota raodiScatioi 

niileia we refer it to the primlti 

[ mnld not go beyood dieae 
to mentioD that CTen Ib tba Pi 

iwaofdiatribatioo: and baI 
" with tboii 



—while i 



■ of typei are Botow- 
ho]' ara renlatad by 
:ape* oar obaertmtioD, 



ific there ara ahni- 
lali io tbe iHTFtbmi 
on the Aiialle and 



Uogy at 



BoaiB mariOBgroapaof ai . ._... 

in narrow )irDit(,;hoagb tbe; are allibernto ai 
in Rl.direnioBi. There ii a groap of flihaa o 
oil in in tba Indian Ocean, Tery little known in Ibta 
[i-riof tbe world, and not repiaiented etllier in 
A.m-'rica. Eorope or Africa, bat confined aboait tha 
land India Fra- 



il llttlt 



gronp 



camicribad and a 



viaafam , 
lending into tha 



B eggi of tiibei can be carried by 
at we do not lind that tbil in- 
fiihet to be ID diSoaedi bat, on 

n than that they have orlsliiBted 

Iber fact connected with thla 
Intereating. and peihapa will 
Cional light npoQ tba ocleiu of 



:ribediD bonodariei aimilar 



thoie ocoapiod 
B Other worda, Aa 
the oataral boondtrilM 



IBd ibowi^i 
Eing imong c 
I may go lo 



It going in 



detailii 



intypei, tbongh I lii::ir 



luxetiiBnof Typa tn Qalogical^odu. 
ecetiar; to ebow that all anlmala an 

'C been their r>ri;Tiuat location, io order 
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Moondtxy itrtte agmin other fiibei— uid, what ia 
afatgnlar, the moment ihe claia of reptUea begin to 
eziat, theae fiabea no longer ahow ao strong a like- 
neif to reptilef , but begm toreiemble more the 
fiabea of oar own day. In the cretaceoui leriea we 
bare all the typea now in exiatence, thongh the 
genera with bony ipine, dentated icalei and molti- 
pUed fini on the back, ihow no indieation of exiat- 
ence in the ancient strata. 

Bvt reptilea which first eziit, asaame all thechar- 
actera we find in the beginning among fishes. But 
can they be considered as derived from those fishes T 
No nuMre than any of oar living species can be de- 
rived from another. There has never bee^i a spe- 
des derived from another. We have always seen 
tlie order of reprodaction remain within the natu- 
ral limits of the species, and it never passes firom 
one to another. It mast be maintained as a nata- 
ral law that one species will not prodace another, 
fcr what does not take place now cannot be admit. 
ted to have taken place in other epochs. If it had 
been so, we shoald find intermediate forms, and in 
aoch a manner that they coald be shown to have 
been derived from different species existing pre- 
Tioaaly. In fact, the anatomical characters in rep- 
tilea are sach that there must have been a change 
in atractare. and sach change is never assumed ex- 
cept in varieties which can be found in tribes of 
domesticated animals when the races are naixed. 
Theae eflPects are entirely different from those of a 
■accession ofdifferent species in geological epochs. 
So we would consider this analogy between the 
ancient fishes and tha reptiles of a later period — 
ttua change of character in fishes when the rep- 
tiles begin to exist, and then the renewed changes 
in the successive epochs as indicating merely that 
at such epochs the plan contemplated at the begin- 
ning has acrually been effected, and these modifi- 
cations, which were intended to carry on the pro- 
gress up to the appearance of Man. have been 
gradually accomplished by the Creator. 

There is, therefore, in this view a gradation in 
all vertebrated animals There is no such in the 
invertebrated : — they were intended to be compan- 
vma of the vertebrated throughout the geological 



epochs, improving till tiiey acquired that great va- 
riety which now accompanies Man — which type of 
vertebrated animals was intended to be the stook 
from which the highest type should spring forth at 
die latest epoch, uen to find all that varieU^ in the 
lowest animals. Therefore we conclude that Man ia 
not only the higheat aroup in Creation, but ia the 
last intended type, we can even ^o farther, and 
aay that thia having been the intention of the Crea- 
tor from the beginning, we can expect no higher 
Srogresa or new development. The creation of 
Ian is the highest possible development in the 
progress of Creation. 

In this view we are borne out by other facta. 
For though the different geolo^cal tvpes have been 
introduced upon diffisrent pomts of the surface of 
our globe — and though, as I have stated, animals 
in different parts of the globe are constantly cir- 
cumicribed— Man at last began to be diffused, and 
to acquire a power over Nature which no other 
species ever bad. At no epoch has any apeciea 
ever had such a marked superiority over another aa 
Man has now over the lower creation. 

Again, when ia any point of view we compare 
the structure of Man, we can see that he was the 
last object intended. Yoa remember that fishea 
have a brain very little larger than the spinal mar- 
row and it is placed horizontallv with the vertebral 
column : the class of reptiles oegins to raise ita 
bead : in the class of birds the head rises still high- 
er : but in Man a position is assumed to which there 
is no so perior. He stands erect — with a large brain 
and a head of such a spherical form that ^ere ia 
no improvement possible— but the highest degree 
of perfection is realized on that plan. Then if w« 
take in connection with this the fact that, in the 
succession of types, the different species of animala 
are confined to particular localities, and that Man is 
spread all over the surface of the earth, we have an 
unmistakable indication that Man was not only 
the last creation up to the present time, but was in- 
tended to be the last — and that no material progress 
is possible on that plan, but all progress to be ex- 
pected within the limits of Mankind is improve- 
ment ia intelligence and morals. [Gh-eat applause.} 



Professor Agassi z here reached the conclusion of his Course, amid the general applause of a highly 
attentive and intelligent assembly — who, during the whole aeries of the Lectures, had evinced an intense 
intereat in the multiplied subjects so ably yet succinctly treated. Professor A. retired finom oar midst 
accompanied by the warmest congratulationa and sincere hopes for fatare success of a moltitade of our- 
moat diatingaished and talented citizens. 



HYDEAtJLIGS AND MECHANICS. 

A Descriptive and Historical Account of Hydraulic and other Machines for 
raising Water, ancient and modem ; with obseirations on rarious subjects 
connected with the Mechanic Arts, including the Progressive Develop- 
ment of the Steam-Engine. Descriptions of every variety of Bellows, Pis- 
ton, and Rotary Pumps, Fire-Engines, Water-Rams, Pressure-Engines, 
Air-Machines, Eolipiles, &c. Remarks on Ancient Wells, Air-Beds, Cog- 
Wheels, Blowpipes, Bellows of various PeopJe, Magic Goblets, Steam 
Idols, and other Machinery of Ancient Temples. To which are added 
Experiments on Blowing and Spouting Tubes, and other original Devices. 
Nature's Modes and Machinery for raising Water. Historical Notices 
respecting Siphons, Fountains, Water Organs, Clepsydrae, Pipes, Valves, 
Cocks, &c. In Five Books. 

BY THOMAS EWBANK. 

IU.USTRATED BY 300 ENGBAVINGtS. 

' — — — I ■ 

This volume, on the various machinery connected with the raising of water, is a very interetaing 
production j not only to the Experimental Philosopher, the Mechanician, and the Operative Trades- 
man, who are engaged in the researches and work combined with the objects specified in the 
Treatise, but also to every ordinary reader who is solicitous to enlarge his general informa- 
tion, and who wishes to combine amusement with the topics which attract his attention. 

It is impossible in this concise notice, to detail a minute syllabus of a book, the mere topical 
index of the contents of which occupies nearly eight pages, numbering about one thousand dis- 
tinct articles ; but a general view is presented, from which the nature and value of the disser- 
tation can easily and correc^y be estimated. 

The first booK, which is jSubdivided into eighteen chapters, comprises a narrative of the various 
" Primitive and Ancient Devices for Raising Water," which are exemplified by sixty-seven en- 
graved specimens of their diversified contrivances. This is not merely a dry philosophical 
comment, for there are many episodes commingled With it <jf a peculiarly interesting charac- 
ter, of which the preliminary remarks on the historical accounts of warnors, and the section 
in chapter sixteen, on the " Flattery of Despots by Men of Science," may disiinctly be mentioned. 

The second book, which includes seven chapters, describes the " Machines for Raising Water by 
the Pressure of the Atmosphere." With this part are incorporated thirty engravings, delineating 
the chief inventions which have been used in that department. 

The third book, containing nine chapters, develops the " Mechanics for Raising Water by 
Compressure, independently of Atmospheric Influence,*' with sixty-nine pictorial representations 
of bellows, pumps, and fire-engines. The discussions respecting water-works and fire-engines 
are full of instruction, and combine more information upon those important topics than can be 
found, it is believed, in any other work that ever has been published. 

The fourth book is extended to nine chapters, and displays the " Machines ^r Raising Wa- 
<fer, chiefly of Modem Origin, including Early Applications of Steam for that Purpose," with 
thirty-one engravings. This portion of the volume is very racy, especially the details concern- 
ing the Altars and Heron's Spiritalia, with the introductory paragraphs to chapter three, from 
page 381 to 391, and the notice of the Eolipilic Idols. 

The fifth book, which also comprises nine chapters, with eighty-four engravings, unfolds the 
" Novel Devices for Raising Water, with an Account of Siphons, Cocks, Valves, Clepsydrae j''^ 
&c., the seventh chapter of which, on Fountains, condenses a large quantum of information upon 
that cooling and refreshing topic, which is followed by an attractive elucidation of hydraulic 
organs. 

An Appendix, with five eusravings, supplies some additional explanatory facts j and to the 
whole is subjoined a comprehensive index of all the principal subjects that are embodied in 
those pages. 

In addition to the above, the present edition contains a Supplement of over 
thirty pages, on ANCIENT EOLIPILES, with some curious illustrations. 

The entire work, with an Illustrated Titlepage, will cost but half the price^ 
of the previous editions. 

^* The above work is now publishing in EIGHT PARTS or numbers^, 
at 25 cents each. GREELEY & McELRATH, Publishers, 

Tribune Buildings, New York. 
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OPINIONS OF THE PRESS. 

This is a highly valuabU production, replete with novelty and interest, and adapted to gratify equally tiie his- 
tCNrian, the phOoeopher, and the mechanicum, being the result of a protracted and extensive research amoop; the 
arcana of historical and scientific literature. Mr. Ewbanx's work can not be too widely circulated. It is ao 
elegant " Table-Book," suitable to all persons— to the ordinary reader, who is anxious to acquire usefiil knowl- 
edge, as well as to the theoretical ana practical connoisseur tn hydraulics. Hundreds of impressive biograx>hi- 
eaf and historical anecdotes, generally unknown, might be quoted as proofr of the multifarious intelligence wfaidi 
Mr. Ewbank has amassed for the eoufication of those who may study his richly-entertaining volume. We know 
not a compilation n)ecific^y designed to exhibit that mechai&cal philosophy which appertains to comniont do- 
mestic, and social lue, with the public weiQ, to which the attention of youth can be directed with equal amuse- 
ment and beneficial illumination as to Mr. Ewbank's acceptable disqiusitions. Therefore we eam^tly recom- 
mend his volume to their study in preference to the perusal of Aose fantastic and pernicious fictlona which 
pervert the imagination, and detenorate the mind, and corrupt the morals of the thoughtless myriads wha 
"feed OH those ashes.''' — National Intelligencer. 

It throws more light upon the progress of mankind from the earliest ages, in the useful arts, than any volume 
we have ever seen. — Alexander* s Messenger. 

The only volimie ever published embracing an account of all the contrivances employed in different affes by 
different people for raising water. It is really one of the most remarkable publications connected wiu me- 
chanical philosophy that has ever fallen under our observation. — Merchants' Magazine. 

We have long known tiiat Mr. Ewbank was preparing this work for the press, and have looked for ite publi- 
cation with a conviction that we should derive much valuable informatien ^om its perusal ; an expectaticm tiuit 
has been fully justified by the result His work is not one which can fall still-bom from the press, as it is not 
one of those ephemeral productions that must sell at tiie moment or never. — Journal of the Franklin Institute. 

An interesting work of sdsnce. The titie will furnish the reader a good general notion of the matter of the 
book, but not of the clearness, method, precision, and ease of the manner oi it We believe there is no work 
extant which treats of the specific topics which he has chosen — ^none we are certain which describes it with 
more fullness of argument and iUustration.-»-D«inocratf c Review. * 

All classes, as well the farmer and professional man as the artist and engineer, will rise from a careful peru- 
sal of Mr. Ewbank's book wiser and better.— U. S. Monthly Review. 

It contains more valuable, curious, and interesting information than can be found in any volume ever pub- 
lished on the subject, and is a work which conmiands the attention, and should be placed upon the ahel^ of 
every gentleman's library, and in every college and academy. — N. Y. Sun. 

A splendid book. We are inclined to believe that it will be one of the most curious and interesting works that 
have issued from the American press for many years. — N. Y. TVtitme. 

It possesses great interest, not only for mechanicians, engineers, and men of science, but for intelligent read- 
ers generally. — Philadelphia Enquirer ^ National Gazette. 

A rich mine for exploration by the practical or theoretical engineer, as well as by those who like to make 
themselves acquainted with the developments of mechanical ingenuity. — N. Y. Commercial Advertiser, 

This large and beautifally-printed octavo is probably the most valuable volume that the publishers have pre- 
sented to the public during the past year. — N. Y. Courier ^ Enquirer. 

It is a scientific work, but commends itself not to the scholar only, but to the mechanic and general reader, 
for it is perfectiy free from pedantry and learned affectation. — Boston Daily Times. 

An Encyclopedia of mechanics. It is richly illustrated, full of curious information, and every way worthy, 
by its copious knowledge and its incentives to curiosity, not only to a place in every gentieman's library, but 
what is more, to one on the shelves of every district school library in the state.— Union. 

A thick volume of nearly 600 pages ; but let no reader be dismayed by its size, for the author says with a 
good deal of truth, that in the annus of mechanics are to be found incidents as agreeable and exciting in their 
nature as an3rthing that can be realized by the ima^nation. We are not sure that a single comer of the world, 
or recess of history, has escaped his laborious researches. — N. Y. Evening Post. 

Whoever rejects this book from the supposition that it is a dull detail of machinery and the various applica- 
tions of the mechanic powers, will be gi^ty of great injustice to the author. It is one of the most entertaining 
books we have ever met with, on a scientific subject It is ibll of interesting historical and well-written de- 
scriptive matter, interspersed with appropriate quotations fr>om old writers, enough almost to give it the title of 
Tbe Poetby of Mechanics. — Boston Courier. 

One of the most valuable scientific works which this country has produced. — Albany Advertiser. 

^t entities him (the author) to take rank at once vrith tiie very best writers in this department of literature.. 
^ nether ancient or modem. Quite as entertaining as Beckman, he exceeds him immeasurably in practical use- 
fomess ; and while aiming, like Ferguson, at a popular style, he brings to his aid a liveliness of fancy, depth of 
feeling, and eloquence of expression, to which Ferguson was a stranger. We have seldom seen a volumiB so 
absolutely crammed with useml information. — London Mechanics* Magazine. 

A compressed Ubrary. On the subject here treated, tomeB have been multiplied to an amazing extent Thdr 
essence is given in this volume. In short, it is such a work of labor and original research as we rarely see. It 
is an acceptaWe contribution to the literature of mechanical science and practical engineering. It is the kind 
of book which every mechanic or inventor ought to consult — London Athenteum. 

This work is eminently entitied to be called a history of the hximan race, since it carries us forward from one 
stage of advancing civilization, beginning with the rudest and most simple efforts of ingenuity, to tiie almost 
immeasurably superior wonders of our own day. . . . Whether viewed as a purely philosophical work, or as a 
comprehensive text book for mechanics and inventors, Mr. Ewbank's book is equally vrfuable. The mass of in- 
formation it contains is unusually great, and the immense variety of machines which it describes are illustrated 
with about 300 engravings. It is capable of saving infinite trouble and mortification to inventors. . . . We have 
seldom seen a more instructive and amusing work. — From the Surveyor , Engineer, and Architect's Journal. 

This work exhibits the results of reading and research seldom manifested in these days of book-making. . . 
Description, however, unless as copious as an index, would fail to afibrd an idea of its extent and value. — Lon- 
don Literary Gazette. 

ID* The above yaluable woiic is now publishing in EIGHT PARTS, and sold at 25 Cents each» 

GREELEY fc McELRATH, Tribune BuUdings, PubUshnn. 
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A TREATISE ON MILCH COWS, 

DtierebT tbe qaftlltj ind qatntitT of Hilk vhlchAnj Cow will give mifbe accurately deter- 
mined, bf Db«errlng Natural Marks or Bilemal Indicatiana alone ; the length of time »he 
will continue to give ttilk, ^'' kt. By H.PitANcts Gdekok, of Libonrae, France. Trans- 
lated for The Farmers' Librarr, by N.P. TaisT, Esq. withlntrodnclorjEemarkBindObsef- 
vatlons OB THE COW iNB Tn^ DAIRY, by i- S. Skinner, Editor of The Farmers' Library. 
Illustrated with numerous SigraTlags. 
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THE NEW-YORK TRIBUNE. 



We are on the eve of another Presidential Election.— 
Let noiitt fancy that, since it in approached so calmly, it 
wiU he cunducted sluggishly and terminated without ex- 
citement. Whoever cherishes such an illusion mistakes 
the character of the American People and the impulses 
which sway them. Equally idle is the imagination that 
Party lines are to he effaced and broken down in this con- 
test— that the prestige of some heroic achievement or the 
glitter of an epaulette is to chase from the popular mind 
all memory of the radical differences of sentiment which 
have so often arrayed one-half our countrymen in fierce 
conflict with the other. Idle chimeras these! offspring 
of an empty heart or a sickly brain ! With the progress 
of events a particular measure may become more or less 
important, tlie emphatic assertion of a certain principle 
more or less eHHential, but the question of questions re- 
mains and will remain. At one time, the establishment 
or mainteimnce of a Sound and Uniform Currency ; at 
another, the upbuilding and cherishing of new or feeble 
branches of Home Industry ; at another, the proper dispo- 
sition of the Proceeds of the Public Lands; at a fourth, 
Peace or War, Spoliation or Justice; but underneath all 
these, miKhtier than any, more enduring than all, lives ev- 
er the elemental difference in which parties have their 
origin— on one side the idea that Government should be 
Creative, Constructive, Beneficent; on the other, the 
negative, skeptical, do-nothing element, whose axioms 
are ' The best Government is that which governs least,' 
•The People are inclined to expect too much fVom Gov- 
ernment,' &.C. — which sees in a Canal, a Railroad, a Har- 
bor, a Protective Duty, only a means of enriching a few 
individuals at the expense of the community, and which 
cannot conceive how any can be benefited by a public 
work without inflicting injury in at least equal measure 
npon others. The fundamental axioms of this negative 
philosophy are really hostile to Common Roads and Com- 
mon Schools required and sustained by Law, as well as to 
those elements of National well-being against which it 
now directs the energies of a great party. The antag- 
onism of sentiment growing out of these conflicting views 
of the nature and true ends of Government cannot, in the 
nature of things, be lastingly compromised ; it cannot be 
terminated by the result of any one election. It must 
be potentially felt in the party contests and popular agi- 
tations of many years to come. 

On this and all the great questions growing out of it, 
The Tribune maintains emphatically the doctrines of the 
Whig Party. It advocates Protection to Home Indus- 
try, wherever such Protection may be needed, and to the 
extent of the necessity; a National Currency, sound 
and of uniform value, composed of Coin and Paper in 
such proportions as public interest and general conven- 
ience shall dictate; Internal Improvement, by the 
General and State Governments, each in its own sphere, 
and by Associations, liberally incited thereto by such fa- 
cilities as Legislation may safely and justly afford ; and 
snch disposition of the Public Land Proceeds as shall 
secure the benefit thereof to the People of all the States 
throughout all future time. Above all, this paper will 
' study the things that make for Peace,' and strenuously 
oppose the fell spirit of War, the lust of Conquest and 
the passion for Military Glory, so mortally adverse to all 



the ideas of Social and Political Economy to whieh it 1» 
devoted, as a mildew to genuine Democracy, ai nttoty at 
variance with Christianity, and aa a scandal to tlia Nine- 
teenth Century. These views wiU be faithAiUy and fear- 
lessly commended to public favor ; while our oppoaition 
to the Extension of Human Slavery over one foot of soil' 
where it hks not now a legal existence shall be unsparing, 
uncompromising and subject to no consideration of Party 
advantage or Presidential triumph. Far sooner will w» 
sink with our principles than succeed without them, 
however desirable success or however mortifying defeat. 

—The Tribune will endeavor to commend itself to all 
classes of readers by the fullness of its intelligence as well 
as the fairness of its discussions. With this intent one 
Assistant Editor will remain at Washington during the 
Session of Congress, giving daily reports of sayings and 
doings in the Houses and elsewhere ; two European Cor- 
respondents will transmit us regular dispatches from the 
Old World ; while no expense will be grudged in procur- 
ing the earliest and most reliable information from all 
parts of the world. Reviews of New Books of decided in- 
terest and selections fVom the Popular Literature of 
America and Europe will be frequently given, with occa- 
sional reports of Public Lectures of high character ; but 
it shall be our first object to present a fair r id ftill pic- 
ture of the real world, only varied at intervals by excnr* 
sions into the realm of the ideal. 

—The New- York Tribune is issued Daily (a Morning 
and two Evening Editions, in order to serve each subscri- 
ber with the latest news possible) on a fair imperial sheet 
at Five Dollars per annum, or half the price of the great 
Conunercial journals, by which it aims to be surpassed ia 
nothing but Advertisements. A Semi-Weekly Edition 
is issued on a similar sheet each Wednesday and Saturday, 
and afforded to subscribers at Three Dollars per annum 
or $5 for two copies. The Weekly Tribune is printed 
on a sheet of nearly double the size of the Daily, and af- 
forded at Two Dollars per annum, Sif copies for $10, Tea 
copies for $15, or Twenty for $24— payment being invar 
riably required in advance. When the term paid for ex- 
pires, the paper is uniformly stopped, so that no man 
need hesitate to take it from an apprehension that he 
will be persecuted by duns or unable to get rid of the paper 
when tired of it. This rule has given offence to a few pa- 
trons of the non-paying order, but the great m^ority seem 
to like it better than the old fkshion. 

It is not our custom to appoint Local Agents to solicit 

subscriptions, nor to place great reliance on Agents at all. 

But any person who is well enough known to be trusted 

by his neighbors may aid us if he will and help himself if 

he chooses, by taking this Prospectus and asking thoaa 

who like The Tribune to hand him the money for a year, 

which he can remit at Club price and thus obtain pi^ 

for his time and trouble. Subscriptions accompanied by 
payments are respectfully solicited by 

GREELEY k McELRATH, 
154 Nassau-st New- York. 



Notes of all specie-paying Banks in the United 

States are taken for subscriptions to this paper at par.— 
Money inclosed in a letter to our address, and depoa- 
ited in any Post Office in the United States, may be con- 
sidered at our risk : but a description of the bills ought 
n all cases to be left with the Postmaster. G. b M. 
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Stephens's book of the farm. 



Extracts from the Critical Notices published in England during the publication 

of the work in London. ^ 

From the London Thnea. 
" The flrat part or number of thii work hai just been published by MeMrs. Blackwood. It is written by 
Mr Henry Stephens, a gentlenaan already known to the public in his editorial character in the Quarteriy 
Journal of Agnculture. The great merit of the work, as rar as it has yet gone, is the intelligible manner in 
which it is written, and the strong good sense with which it is distingnished. The proposed arrangement, 
set forth in the plan of the woric« is clear and satisftctory ; and the whole number is valuable as being the 
result of practical experience and competent theoretic knowledse. It is a book which will be received with 
gratitude by those who are really annous to pofit b7 instrucuon, and whose anxiety for improvement is 
not impeded by prejudice/' ..." The plan of the work, it may again be observed, is very good— the 
reasoning is lo^cal — the assertions are the results of accurate examination and repeated experience. In 
addition to the mformation conveyed in the letter-press, the book is ornamented by accurate and handsom* 
plates of agricultural animals, implements of fJEumlng, plans of fanning, &c. &«." 

From ike Newcastle Cottrant. 
" Mr. Stephens's work is divided into three pK>rtionB. In the first, the pupil is shown the difiiculttes he has 
to encounter in acquiring a competent knowledge of farming as a profession, and the most easy and effect- 
ual methods of overcommg these. The second portion details the various kinds of farming practiced in the 
country, and points out that which the Author reckons the best for adoption under given circumplancfs. — 
The third ana concluding portion accompanies the young ikrmcr into the world, whore it acquiunts him 
how to look about for a proper farm for himself" 

JFVom Felix Fetrlep't Briatol JoumaL 

*" When we say that the Author is Mr. Henry Stephens, we are safe in expressing our conviction that tha 
results of his i>enetration, judgment, and experience, so placed before the public, will confer an advantage 
on the agricultural interest of no common order. We therefore predict a large measure of success to the 
intendecrwork.'' 

From The Argu9. 

"We regard it as a national work; and, firom the masterly maimer tn which Mr. Stephens handles his 
■nbjects, we feel assured it must become a standard one. His thorough practical knowledge, backed by his 
■cientific acquirements, makes the Author's fitness for the task conspicuous ; and the unpresuming m an n er < 
in which his talent is displayed enhances its value still more in our eyes." 

From (As Midland Counties Herald. 
"The entirely practical nature of this work, and the evident care with which it is produced, wiD, w« 
think, render it one of the most usefiil publicntions for the fanner which has yet appeared." 

From The Times. 
** The great merit of the work, as fkr as it has yet gone, is the intelligible manner in which it is written, 
and the strong good sense widi which it is distingui&ed. It is a book which will be received with gratft* ' 
fade by those v^o are really anxious to profit by instruction, and whose anxiety for improvement is not 
Impeded by prejudice. 

' From the Sirming^ham AimrtHur. 
"The farmers of England would do well to possess themselves oX. this work, for the varied v€ useAiI in- 
ftmnation, and the many practical sug^jestions it contains." 

From The Britannia. 

" Hie two parts now before us are models of clear, sensible composition, and form such an introduction 
to the practice of farming as has never been publisheid before. The author brings to his task a large store 
Of knowledge, sound sense and a lucid style." "We are quite sure that never was any work more called 
for, by the intelligence of the age than this ' Book of the Farm,' and believe that it could not have been 
entrusted to more competent hands, or produced in better style. We strongly recommend it to all classes 
of aniculturists as a publication of decided utility, and likely to be most serviceable to them in the suo- 
oea«yil prosecution oi their labors." 

From the Sporting^ Review. 

" Hie work before us is one of the most practical results of so patriotic a spirit It is a most wel- 
come addition to our rural literature. Ab it proceeds, we hope to transfer some of its good things to 
oor pages. 

From the New Farmer^ Journal. 

" On aD these Important points, no one is better qualified to fill the office of a mentor than Mr. Stephens, 
flf which the well-arran^sd plan, and judicious execution, of the book before us, afford irrefragable 
testimony." 

The Concluding Paragraph. 

Mr. Stepbene, the Anther of the above named work, was engaged for several years in writing 

it Its pablication was commenced in London in January, 1842, and concluded in August, 1844. 

The Author closes the work in the following words : 

"I have now brought to a termination the task I had imposed apon myself in writing this work. 
If yon will but follow the prescriptions I have given in it, for conducting tlie larger operations of 
the field, and for treating the various animals of tlie farm ; and — not to mention the proper plow- ' 
ing and mannring of the soil — as the practice of every farmer demonstrates the necessity of aflford- 
1ns dae attention to those most important because fundamental operations, if you finish off your 
fields in a manner indicating care and neatness — plowing round their margins, and taming over , 
the comers ; if yon keep your fences clean and in a state of repair — ^your nelds free of weeds ; if , 
yon give your stock abundance of fresh food at regular intervals in winter, and supply them with 
plen^ of clean water on fresh pastures in summer ; if you have the &rm roads always in a ser- ^ 
Ticeable state, and everything about tho steading neat and orderly ; if you exhibit skill and taste 
in all these matters, and put what is called a fine skin on your farm, you will not fall to earn for 
yourself the appellation of a good and exemplary farmer: and when you have everything shout 
Ton 'thus well disposed,' von will find, with Hesiod of old, that profitably, as well as creditably, 

Lfbr yon ' shall glide away thy rostio year/ '* 
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